
BEST AVAILABLE COPY 



Patent 

Customer No. 22,852 
Attorney Docket No. 04853.0086 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



§ 371 Date: December 31, 2001 

PCT Filing Date: July 3, 2000 

For: THERAPEUTIC AGENT FOR 

DISEASES CAUSED BY PTH OR 
PTHrP 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



Declaration Pursuant to In Re Hawkins. 179 U.S.P.Q. 157 (C.C.P.A. 1973) 

I, Rebecca M. McNeill, do hereby declare and say that: 

1 . The specification at page 7, second paragraph is amended to recite that 
"[i]n the present specification, the term 'a PTH receptor or PTHrP receptor' is used to 
mean a receptor binding to PTH or PTHrP, and examples include a PTH/PTHrP type I 
receptor (described in Japanese Patent Application Laying-Open (kohyo) No. 6-506598;. 
SEQ ID NO: 76 )." The amendatory material is shown with underlining. 

2. This amendatory material (SEQ ID NO. 76) is quoted from the reference 
cited in the same paragraph. See Japanese Patent Application Laying-Open (kohyo) 
No. 6-506598, Figure 6; See also WO 92/1 7602 ,#jie English-language equivalent, 



Figure 6 and description of the drawings at page 8, third paragraph. This Japanese 
patent application is incorporated by reference on page 84, lines 5-6 of the specification. 



In re Application of: 



OGATA et al. 



Group Art Unit: 1646 



Application No.: 10/019,571 



Examiner: Ruixiang Li 



Sir: 



PATENT 
Customer No. 22,852 
Attorney Docket No. 04853.0086 
Application No. 10/019,571 

3. Thus, no new matter is introduced by way of this amendment. 

4. I further declare that all statements made herein of my own knowledge are 
true; that all statements made on information and belief are believed to be true; that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code; and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 



Dated: November 18, 2004 



Bv: %hUML tfl . mudJi 
Rebecca M. McNeill 
Reg. No. 43,796 
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^tt^onryf-oefwr^a- r-*-oONACjyt^t?^6^^f- l*n« 

ttMff^ («Jtl/, -^IUJfif*^^^-<!>aAW^^JB10jM^^ 

Jtsc»tt0n/:O«A} ^dCtott* j/iimjtWKMKtfBiBasai 

;-<ffi!r*acfv^f K*4*«4:r*. z*>4r-?irtr 
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(d) ?"»*TLHNTOCWDLSSChKXVFI 1QVP 
i D NO. ! ft) 

< e > PYTSy 5CTl**Q IQMKYEM ; <5EQ JO NO. 

U) DDVf TKEEO! F LIKP A<JA : 'SEQ I S> KO, 
0) 

( f ) rFRLHCTHNV ; fSrO ID NO. ; 1 1 > 
<*> EKKYLWCfTL ; <3EQ ID HO. 12? 
<l> VtATXLRtTKAGRCDTHOOVRKUK : ISEQ I 
D NO. -1 3> **vli 

eu^aii lis ^*«tt w;ft*«»t^ 

S*35«t&tt, 1***7-* ****Hlf*r*-***#»-KL 

T^*aa*nfcDNAV3c^»*«***.:i» 



*FttUPT2Ji/«**-* PTH AtfPTMl/*7P-t 



ail&t^v «ri,*fJ*(DPTK/PT1i f?HJ^;->o- W CK-H 
J) * 

»2«*rtf /^OWBK&PTH/PTW f P K-/y-^t>->» OK-O 
2> * 

r h*ftOPTR/P7H rPl/***-**o-:^ Rl 

ffW^iJ^T** <S£t> ID NO. 
ONA'/o-:' %t r t PTK/ PTH fPl'tWs- 
EI3iit HDfHJUOPTH/PTiTr PHr??-S>KS? I ^ ttfc«0** 
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an >o?flj« (a^c; xt^v^ ks* c&^x» »pth/pt« r 

24) tA£8) m 1 -tfXPtaf P <l-3«>> (CtD> OW£r«r 

ttftt&v^^^w^ pth <i- 3A> to; - pth 

r?<l-36> CO * PTH C»-34i . 9 TH <"? - 3 4 i f.+ > 

H J dats <A) •OS -2IUW CSJ .*fc>ft*tifc*RNA 

«JMl«)PTU/PTH rPu*^-*a' KL*C*»*Xitft«< DN A*'»^ 

S20«t i ftyyjuoNAJirSi t ai a<j t i ifctfxho • c^i 

«2 1«Rl5BKJ:*'Co - S'€AT^*7r >tf)tl«P T>J/P TH f f 
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• R4 , Ma r r 1 * H*. CBL16S0. CRt65 

9U ftTBSS, CCtOK CCL89n CLIOlAtfCPU 16 1* 
6ra«ePUBfi*frA*lfc» HCS 1?/2»0 ! «CS 17/2. 8»C 
ideon Rodan«± («* r<rfc Ls^fUorio, *• 



« It ¥6-500593 (6) 

(Grand Island Dicloji ell C 6 . > TttJEfl!*** t 

■ear****** scmu^r;jt4Bc<:«3;»*<u 2 Ksaa r&ara 



t*#?*7±#m» <QK> Bill*** ^Tal»WVf**7*-K»'* 
£*U£ c L : I | i i Kb e t it. i S*i»«ce 196 : 13 13. 
1P77: Coirrvin ri i I. . Bl«chci>i«t ry 
24 ■ 5 2 94, IS 7 »J <C J I • « 11 

el II., Pioch«ni»>ry JJI r 269*. 1074) K 
XoT^an^ ^I't-il'J A -»-RJj4 • tmR N A • ) tt* A » * v fc L « 
(Pro<. Mail- A««d. Sci.USA 6^140 
8 7. 1 9 72) ttRNA « it**! ^dTfl9t <Prs • rip 

iCi*. rUodYiy, W J> ««LA«BS0n«. 1 
7/2. 3 inRWA**OC DNA?4^91-0. *7 A + RNAHGu 
bler&Uoffito-afl <C«»*<.A<ftlt, > 12 : 263. J$ 
8 3) WM»»^»*nh. * 9 =?oT* 7*4 *vo>?u 
fl4-9-*-??< T-tr*l DNAtt. ^ t *l'A+ROS 17/2. 
aaSTOKtUiaociRN A ****** ft <A* i »iU tf « r, . c 
OXAiiB MX1»>#- Uovliroitii. Sir t> i * « a, 
CAJ c«K7lv, 5-2 0*<$»»*'J*^«Kfe«ie4> < 3*«U 0 

ooiQ) K<tic74xaw«*>*ft. * .<*ia«a«.'icDXAi*, *^ 



1 1) HA I Clnv|lr«fcn> ur»A«nA t * fc7»* ^ « >' 

-?^7^9-U. 4tK, Jt 7«>*i p3«T»B. to 1 

w y«B*3- KLn't. r>t*^y ►^'rYrl 

9 3cp<DHA l^«**n-Ct-*tKiNAir7l.^^-aBa? 

«tT«S^TV. ^9^^ Ke DN At* HI <W*cf, A n e * b e I e 
< II.. Curr-nl f» f p 1 © « « I = in M D 1 * * U I * 
r BloUty, Wiley Son*. Yo/k. 

-*«-xy^>#irr:J»«>^*A, -rib *<M K7^^' CNunc, 

Hr-f 7Sfctf?«l«!*<=tr«!l*n^7 7y*>? KfjT*Mll<CO 
>H«£dft (PTK/PTTlrPJ © 1/ 1 7? - IJtWT 46J^* S 7 ^ X 

i r^-so-i os*as^»^?^ o 1 1 r i r. s**>x& «rNtec 

EAE'r^A h ? >»At$t?^< •♦*«0«r*tin*Tr?-»«t« *ALT4 8 
VBItt. 0II^il.BUC^3?tf» ^V* »••© * * « l • 1. . tn4o<* 
|q 9 |oyy )32 : t 0 2 ». I 5 <^ 9 > ^ L t CT. 

<>«..«c«^«>oi»n&SBTi*»ii«- 2iw±srai:proLT\ ,2 *i- 

Bj(Tyr 1C l PTHiP (1-^6) 7i K £V>«0«*ttJa*«lfc. ft^ 
<£« • io>*n K«d*it. Runner, MY) 

QfiLfc, 4t:-i?3-4aflrjfiucii, x#<(f«w» tasdn. *tro. o 



Ji*b+ PT3/PTBr P*"tr7P — tft9!LTt**3 — 4fl8© 

kK)PTIi/PTBfPviryf"fe*-/ = "Py*cPNAt 7/^ ^HA 
^ „_ (i, 7 x i o f ttfi^o-» it^tMB l 3 (s p6/t?; CC I 

*nt«<*. PalD Aha, CA> »P<bb HKHiDNAO^y A5 
12. 5 k I O 4 tttt?s->) IK t2 P-ll*JJ| C>>n7-/^ 
-*-7#^T-ir«l*4a+v H» ^-'J^^'^ -r>'MA* K47> 4H>; 

-}'*4V X > f K&ftd <S «n^^ r it il.. Me I e c u J 

At C!drtin«iA Ub9r;to^y ISaqbaI. 10 
8-1 1 Cc I 4Sp r J n * Hirber Li>i»it*iy. 
Cold Spring Karpo*. WT^ I V 8 9) teJ: •s'Cflt 9 

9 ♦ A FO«fe*0- A7< 5 0***^7* 

K. aii^U^h^A (95C; 1 xSSCj 30 0<nMNiC 
I, ?0n»»«< Jl^rhtl^A, Dli 7, 0> » V*^^'**^t5*» JO 
*6 X^>, IOO09 /ml O** 11* D N A ffl 

J5t*<^ Plt*A*-?4 2T:^l8-24l55|UJH4>nfc t 7^ «-7-li* 2*8* 

c/o. i^srsT2fli?3 0^W. ftvt, Usac/o. lasos-e 
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*«tX*tf* SMBM^(BiMhi». 7.4 > 5463, 19 7 7/; 
!l«h««lc»l Ccr^r^iOfl. cie«v«i-3d. 



. ^ _ ^ ^ < a « r i » it vt l i ad. 



3 caOb ► » * KN A (CJ obi *ch. HJo 

Ai:o. CA>*7 3. 5* l»*Wptl00W3()^^^ 
U WtKMII*. afl»l«»RT«»a»ITiM-*0* 
Mt'JXBM* >H0- 2, 4 0mMKCJ, b- 6mMM«Cl2 . *«■ 

% 3o J <4»iil) ORNstii'f'OWH- e I © t4«. 

fll2t V ^ACATCACOCTCTCCACCT-r : S EQ > 0 
NO. • 14? MOMt**f*WW«*** lLl " 
Sc'ttncva. St. Pi:<^»^f«, FL)Uto*^Rt 
SS**4 2<C*4 * Lfc. *VT. 5 0^1«^ftPl* 

H^F, 2»ftf2fl>V?n t*>J^-* <Ncw SflfUiid Biol* 



c cc 

C±i2> 3-?^/*fif;#'KKtt^<^-P!C-l -CCAAT 
TCCATCCCAGCCCCCCCOAT-r ; SEQ ID MO. - 
15), U > **rVX>*n->ftF0l*5 " -»d-*« >r* 

tt*3^<75H**-?K-2 <5'-CCCflATCCCCCCOCCCTA 
CCCCCTO* : $2Q JO Nv. i 1 6) « 8SP C KStflit * 

ruirf-KM^rt-fv- 3 26 <5 " - act ataccctccttc 

A ft . Ceo RVttS** *IT, ft 9 A* pcDWAtKirn- 
Sit* Ml* 



tto&i IfcRNAttS AOS~2«U»&C<t t MI* ft /7 a 



18;5*04, I 1? 7 ■>> U£oTJltiS*Jll£. -> ■ 
*fe»4*tfft1v ^F«HtApO-A7 4 (B e h I • i cJ> « » *«4 

QfS -9illird ct j!..E»r, J. Bloeh<«. 36 t 
3 2, 197 3> «rSl>-t:£A£Afc« V*K*>*». -JO*«*D 



rt d schvii. " Ci Ntf) i;y«7 ►nit* M^tf 

liPTHifTltrP 0*R »^W***«>0^ 
a t | > PTM4PTH P P»»fTft<Ftf 4 »»»A*J' 

CN I 0* . N I f T?r M ) bPTB-il-14>?l^(f 1^ 
7H>M(Tyr"] PTH^ ( 1 - 3 6> T 4 F i PT fl ^ P) « 

«. UA) icJLOttll 13 « 0 I e •* ti.. h Biol.Ch« 

sfDBKCTFA) M*-«lt. C jS Scb-0«K^->*v^ tVi I • f 
» Aiiocj^Ki, int.. WA) KAU-ft 



'0 



u 



— - - . .- #♦ 

X^Octq* WitMl A* * i * t * «> <3^lf»n* 0. i«tT 



EAS/r^A^Vfii (S^b rook e t 4 1. . ±ffl> - 
d f «, UA> It. ««iftCK5 x 1 0 4 BO/ c m J rWbB^L fc» OWIXii 
a Co TJ7. 7) , lOOmMN « C I . 2«MCi C I j , 5«M«C ] , 0. 

«<t*»a<o«v^m^. w^tt* ©in* i5x, 4«w, **io 

f d lMtrnM(Dtt r Dft*fi«rf Crcvj. ID X"iB 
0>K»C. 2HJ31T) • 
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B J • I . Cft 2« 112 9. \9Q*> KIT 

24*:'V- MJ?»fflRl*0. l*0SAfc2tnMI DWX*ac«*Tte»L 

*. «o> t;7 r ^ti^W«nfc» CAM 

14, 3 **it*n*cAMPffifc;**£;i *p- p »**-r>y v # (W* 

0S67*tf *** (ACN> tO- l*M7MQW (TTA> feA-»T 

ma**,*. »«7t«AMPtt«*o»ai5»*^ i«n«o. jktfak 

t>£t, C l SifcttFP t C it***- r c r « ) crtAtiFitf:* 
1 05*ACN*91»TF A,«8«f^«iat* 0. JWTf A'K 10-30*A 
CK«SB»a«T«ttlw-'-* ^H»iiJt94}y»*fteA*PtfBtf*** ft* 
->fteAMP««ff^*A*t*Ct^'9*i«*. hU-f^t-20t^ 

PDS ipH7. 4>> ^niXdEDTA^C^l^iEIJrc-r^C^^VtonnOR 
l»S7. 4> T*KCT*D**nfc (20. OOlrC pr*/*--?) * * ■» 
*tt*»¥KM 11 i P»**i atf 1» l«754* 9*^1^ >^ Par 




tiU 4rn?ifc<rL/u Ji«*ifcP, «£Lfc»l*tp** ~» *>p- (Mur 

OKttdii) t?iBSLfc, H^mitfliAM I c r^med i c * £ Site* flfc 4 

$ f Aid l/**-7T$*. 

-cAM?«a*7v*^nW^I^ PTH/Ptn r P U<i^- c DK 

X-fc»<ptf7- S> * 0. 2l»MMsCL 0. 5»M*^>mj-4 
ex i?-7 ZJ^*Ar> K, H* -CWTH (EOT A3 t$ i b a ft } £ 1 hi 

COO x fftTl *${&4VV*Oi'* o do f ! , 5* J 2 3*. 

Br t nk« jttn instruments, In*., *« h Ur 

»t^^'.Lc«rr «t *!•• J. ftiol. Cl»c«, 

3 7r ;fU*4?fit 1 00 *» 1 > T\ SOraM > !f * -£lft <j?E 7. 5) * <>. 
84i*MATP. 4 x J O 1 «P» C« - M P) ATP <N«* Hi. fiend 
ducleir, Ootton, MA) » 9»M**7i 4. 2<«M 
r4«C J j * 2 6mMftC U 0. 1 29*6 S A* 3ktf 5mM? »^T^H« 
(S6hw«M l/M«»Q DiY! siou, 2( { t«i»-Dl C* 
«n»«n & C«. . OMaf »turt, N Y) A ^ U? 

tSc^ftTU/MaonJ «$C"A t P P/&^a >*»^<- 

0 A I <£2 0 nM( AMP, *5 JS O. O 0 0 c « d O E J H ) cAMPcfiOw 





; t, { u pi « AMP*aaiciH<-4«e*t^«^^&» 

- P7U/P T a r PI» «r7>-< ©NA*»A#*V^l!iaSiPJm.1^*iVi^^ 
^AftMtt, r«ll-3 AM (Fur it -24>T*|-> 
Mol*c«U> Frobt* inc., OR>*ft 

CO$«BS*Sfc VLn^/*- 3t<r. P M r a - 2 AMeftftL. JIT* 
tcO^SC tmM*tt> Mtt^T-i /♦^-Hfc^ U r> P E. 6 tH- 12 
- t K»+i/s.^*] f<9-J>-* ' - C2-i^>^^*^rtt) ) . 20: 
CiCl r )i KCi. 5; H«Cf. 145: MySO^.O. 5, 
M*KCO, . *5 ; K, HP04. 1. A I P**3~*. >0 .«*tfF 
a c a - 2 AM ( | * {2- <9 ' -*a-<H*> 4 + 2 ' -* *) 

-5-7 4/,^>V7»>.5-jr+t'3 - 2- (2 ' - 7 1 ✓ - 5 " - * +*> 

V * / H-'y} XP'^-N, }i. M". N' -J»im^>J'7* I- A 
. Q. 5 : 5 7*CToH7. 4, »5Stf5^ltS%C0g **4$>)«J 

MlKJftr) Q£.?i*?* -<\>**< P (KBV C5«i,a^ft^Ur; : HE PC 
S, 20: c\cij, li KCJ, ^. K»C». 1 ^ ^ • M 
j$o 4 , 0. 5. H#jHP<) 4 . 1: jy.-ua-x. 5; pK7. 

» >fiO<6»S?)T. SW*^7 K*attl^O«l»liV-?^**»% F o tf * - 



BicpbMKi TccasYoJosf**.. Inc.. WD) c 

/ ? - 5 - ^^itiritPx&ftru/i. aotttt- p-ko-7. 4^^h* 

JtnX*i&^Jt-7-C, 2 2V-3? , C*«i?1Cl6*t^c. ABt««*t^^«*?* 
^JttW^?T , CliJn5n^ 0 >i<-4iM3yyi»l£ <2ei»o JM«3*. 
ThOf**o<?<*. MYJ «»»^Jttt*fc. P a r a-2tf>*ft«J5H6<-» 
□ V v 1 v *- (Pbotort Techno^sK* "uted^clo 
Ml (PT13 Inc., NJ) *JttUftfc«i^nfc757* 

»|«PV V * ttt UTT^fettC«<rj»3 L ft, ftft ^ fr* P M7 «3K A « »^ 

gate***®**!*®*!;'*?** : Btf 3 80™fc*tf*'* B * fl '3">*S* 
Kd»f ti r » -20rtAv«5rA^»lT6©«# , »^**« Ri«*it*Al€1 fc * 

ran < jmM> 4*BJ6flwa*>m»c « t# ^iM<tv/s* sn>i 

!t W«*»^IB V i tlX : 34-37 » 2 2 4 J> »CF2 4 - a 



- Kd 
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PT3/PTH r P^-te^-fl^anfcCOSfflJ&fcJSlt* 
t 41.. J. e»oJ. Ch«Pi. 265: 4934, 1*90>. 




(3 



(S&Q ID NO. : %) ».OV*Z CSEQ I »0. * 2) 
ll^ 4 fVT* BO S«KiO < DHA9<y9U-^ & Htt R 1 5 8 7 

tSEQ ID NO. - 3> 

m-v^*3rA>3r>-«**ntt* *vp>*-\ +J 
*-<t. y ^> K44a6tXiBSteft$^rt:o|» toSSf*^*? * * P-*£i^t^ l tr 



*«, OK-flRWttfl J 57? /er?it*??i'«» :na. ox-oe*RJt 

^<TO K - H H^Jyi ■ 1 fl<» ? ? ^' (C ) E^eat. 03*3 lv 

* C SO ttli Ai* U ft Hf/P-O *>• <-3*»*, toSw*!:** 
T^- KaATl'V^Ko i I it* «t X » I * r e i 2 9 : 

7 5, 3 9 6 7} Kcbl IM « i il. , J D » o I . C h » 
ra. 262s7?21, 1987: j£ s c k « r t «i . 14 

©3. EAde«rl«»1.. 6*7 0. J992i Kobilk* 
«♦ jt.. StUHO 2 3Bifc$0. 19 87; Bonn 
er ct »!.. Seirnco 23 7 t527. 1987; S* 
..♦hare .< • <-. * • t u r.e 347-80. !990>* 
t.h«P?H/P7H rP^t7;-«DNA«**t«K^ t I cDNA 

?4 r?<j-&h l-ynif'fr7';-^flt, !» -» h ^it<?> p th/ p *P H 
r pt-ty^9^-r< KB****-* 
Not!) *Sm»TSty9-AV^tft <a?> . t ^«OcPNA9^79 

[*£3 1J> NO. : 6] ♦ OA^CTl 0*?'^E< » 

cONA>PA*i»^t>37kb (&) 7t/7-A«-2f ubp^CIji « 
ax l i/Ef «RI yr-'Jttfr+v cdma ! «3 m fi* 




^Ljo-^, is PC 1 HCd «4<>«?«n$) <i» S » I IfxIKl* 

«fi^|O00»DC98aDni/»^ ltfH*6»fe K^PTK/PTH t P ^ 

Dv>iSAi/M»ttta5>»r»i#-»r» t heOPTK/PTa r Ht7^-^o 



-OfiWijL^ xiz LWXIl* K/i *#v«l«<t«- s*EPWb * C 

Hm*>?TH/PTH rPV^-cDMA, SRrktt, P 
CR?0->«2^*I=K-2«)nftraH»/Pviil I «Jt4irAiV*Ttf 
t K5P7K/PTH f P l/ir^^-C-'- KLT**V5E±ft«><l DNAf .UI^ 
TT. b^HJil^:B^ C$-2»tt**OlfcKNA MOn/f-^ »/- 

tt* (8}^S**Oc t>KA i»20> T7»-7af<v«4, 

5k &<$~*7',' r r*i»*«8t* «<M7^7 p^nfars^&sKb 

<&2o<&DWACB*<aft*. Cftv©?-^!^ t J-«PTi5/PTM ? PS^tr 
f ^ - «-<&ajB*«*ttV* 4 i 4 L"CV5» 3t^5^ P o - 

utaftt. 4 : lias? • r^Te>nrdPivAf*^>«» ttaz^/^A^y^ 

«^ 5lttP>A#f**l«!o^ 58fi'Mri^6TiP» 2&2fc«>A r jr 
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^ v ^PTK/PTH r P Hi * ^Jt^aa^J 

AMP ©18. atertjatt*)*** A 
cieio. jum / •> :- A»rt«*£i8*ai** * * * * * < * - 

> u!>tt<? & i z * « >✓ > an*** * opt a w***«ifi**^fli**j 

?KrP**W4PTH# PffiK*'tt t TJIii*tifc«k ffl**nfi„ 

r ,-S**lt <H1 . HI «PTB-e*ltf*rrCV*CCSa» 

OK- K«»*L'CV»C O Sttfl&iiN J * PT H rW«ifftfcl1, < / > ► - 

»i ir<OK-o*»9£<,T:^a cosmic tt5 i -ptju P*it& + 

TH * 1 - 3 4 > • ?^«TS/3KW^ai8*nT^B <fi>*. 3-34R07 



»#*6-50653S (10) 



-N 1 « PTB^IN P TH 



r P**i^pts f Pigir*U$lfi#«ltLT«^*u/:Wi. IBWSfc/s* c 
*Cdi**LTi.*** :n»o*-^i. fcfc, pth r ?<&»fci»<v fctt«>P 

TH i J -34) , £*«7 i / *flir««3AT^i i&*>~ 3- 34S.07 

tt6<&U6»*awttTjiu.&tt?;Ofts m**tt*c±€-#LTK«, raw. 

H^^^-J'i** PT RtPTB t P*#JiR 1 98cJivr7-KznT^6 
!/ 1 1 9 - C Klfc* * - t TV*. 

o smtmvtw* titzt&& t wast* nmnr, .-u ^ am* - 4 * 

K, OvC-H*ftPU.f v*CO$WS3J** N > « PTK, 44l^PTH r P 



«ai6tt, Ri 5$£OX-H*JlWttLTV'*C0$tt!»^ tf lePT«U 

^*<i^cosiiiifetdcAMPw»i42i>iW-»fc« ;n$o?-*^ 
k*«^ k * t « #* *. v y/ > r« i * c n^-r^r © 

A /l-O 9- n*>i$ ft it I- «~ *• 



PT1T/PTK » PV*-^-0^^4-j/3K»XWO^it^^6t«ll>, WW 

*ciicjL-»f* «&f=iA»»ft«:» BW5«iSt.^S&. jt*r? <^-«5 ^ t 
cDNA««f«3; SEq ID NO- « 3 <& 1 4 $4 - I 5 

ib ft I 7P-=->^l0tt«i«»X.i7<i/H,Otf»-9/i* 30^PCR*^ >A 

RB*ft*l.rt>*C:0S~7 6CK0Ri»«*ltPTH (1-34) t- 
«^««te^r*-»T«>df ffittft*n4 4. R4 8C». £W5Sk*r^ 

PTH / PTH r PI* 6*.»*i^<--tfC^7T'-^K^^ 
TS/PTHrP p^r^-(0»^!^*f *«JBM«>^x*v^— k"Ci^» t 

1911. vGifcfcaFnfcPTK/'PTK rPu*^-*ifi»»c-«es^^/ 

C?c~ >K<!i\*K h^PTH/PTK r P Ut^^-*WA$ flft C 0 S • 
7&»C^lffKJ:^T, JUUWttfitPTf! c 1 - 34 > i. PT H t P < 1 - 3 6> 
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ttw«br«K*n^«>4iSl*^»* (4W*5*:i**, J» i±3- ?% 

tT. 6*0. 0*) W*f*C£*q04 ft. *PT3 

/?Tl« r Pufc-7>-tt* 7? I -4j*|,*-r*-Jt0*2(S»^HH«7OKd 
tfFTK U-34) AtfaUr.- -inM«-10oM (B*7) „ 

<3-?4) tPTH t7-34) c**T*Gl*uts«ffL^ < a- i **»L fc » P 

ft 

5 

tf^ LT«t»^^?-W*>Tj!j<* S 6Ka?WC4>-»*U FT£<3- 

X 5B «fc>) t7*»*3 9teWS**fc <?TH (3*3 4) liafLT. s - 
7n*5*t-4 5nM ;?TM?-'34) ««I,*C> ~4Q*W«-2 0 

(1-34; IPtSi P (3 - 3*) L*;trc«te*<*S«**'V#^6cA« 

>Tg/?Ta r f i^tyy-^wft 

^i^PTU/nH* P -■cifc'< TV **H*flt$>tf*r***"#* V^y 

M4Pfca*t****'^»«*n«-a$ , "> ,k *' * ^PT»/P?MrPktt 

a#n/:t >«|/*7f-*i > * H&ftoi'** 

CtlCtt, PTK (1-34) EifT***a4i»<iltt*»TH 



»*¥6-506598 <«} 

s <?-3<a> i«i:nH (7-^4) catt-csB**n, tatter*? 

^ftflSI* PTH^PTI* r P«@**W*»j8J6fCfiBfc*e**!ih**fe*« 

**i!iff»pva&iflaia. << i/<r*orT7 i^rr^x* («?*.ixKi 
G-sm*tt*<?»Hfr*-.<t>i ^V7? 7 k>**p 

-i!7^7 I 9-6fflX* r *bafc<** »K7fK*A*> <*WKMH*** 

<2) *H>7l/»WRfi*. 7<»«ttCJWl-V4 
1>ft»tt777Tiy-Wn«Wtt, i*^3r-/V7?>v *J?tf&* 

P-*<S*a*« ;ti^>t7^«, r-<"C, ftc7 
f7MPrH/F7ii rp^t7f- i«3) o««rwft«^c»**a* 



»F/-C>&Jb«t*T€/*»**'5K* 'J -P*-«W few* VM 

i $ -o^rm: a-CBc* zwz t*»#LT^** 9 v ^ 

»PT«/prM r Pl^tri>-^«^7*t KU*^?-Xl/7^t'J 

20^a5Pltt«, ift***?T *'**-*tT-.*li 

«»y An inr^ » u r y - tar A&f* e rt&WRtt* o t>^« in^ 

ttdikihifi e; « I.. BMDO j. I0,i(>33. 
)991 i Lin tt cl . $cltn*« 2^4tA022, 

t*vfA?ftt<Z>PTa/PTKrPH:7l>- (S?0 I D NO. . i> 
4 7.»tt«oo*>V*/t'*^^- <C«o8i ?t £2c&4 M744 2 
i)i^7i;«RW«M!.:l*-3 2*«-^* f 4&** OMffA ¥ * < > * i J* 



0 



Vt7;-(Ce(t6i»k X 'i & 1 3 21 i C tO PT H/PT 

nrPi/«7^-«7* ,|»CW*il;«cJ:^* I 1*2 5 

^AnifiCIA Tfpe Clllldf c COIictUd 
(ATCO *^T54* *^*ftttl»«ATCC r**» 6857 

1, 58572, 6827$. 40598, &C*6 83 7 0«-«V*4vT\*fi* 
*«e«ttC<tI»A. T h « ©tuertl Mo«pil>i Corpo 

'^tt^adTfc, ^<08ff*. 4>a<4t,3 0**WM» OM«ttff|6M» 
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M*> I ft I* ! tt^P -7 t L.X«ffl* * tttt A * t*»« 

>H*C; 7 * V* '/* t «l'tttfit 3 AU 

Cliou And Fft«nan. Ao», R • v. 0 i o c h c oi. 



ftP-l: TNE TfttRC Vf !>Rl GH » YTV C <S!2Q )D 
KO. J *> 

RF-2: VLYSCfTLDEAe3LLt£££L (SEQ ID 
NO. i 6> 

RP~*>. VTf f t Y PLATN LVEC (SSQ JD 

NO. ! ?> 

V - KA T LAN T BKKW J J QVP t&E 

0 JD NO. 

RP-St PVrSVSGTLWQ 1 QMHyCM iS£0 ID HO. ; 
9) 

RP-A: DDVt-t SCESO 1 PttHRAQA <&*Q JO NO. •. 

kPl-7: FRRL1?CTRNY tSEO !D NO. - 11) 
R1M-S^ EKRY LWC- FT i. <S EC 1 D NC. t 12) 
R?v-^, VlATKLAETNAGnCDTRCQYRKLLK <S£ 

Q :D KO. : 13) 
CftOrtRGtf c u ( id ft Ji o 9<^7f«E (Eduocrl i> o I o n U. 
7 : 1230. 1 « 84> CJt-r6«till, B P L C *z±-> t»a*VlAr- 

Wtt^ttni- i: «.-«'.■ r» ASH * * c 4 « j: * $ijtr ft z t 




1 tiTciffsilarti^Jfl a * c o s toft. nc-PKiw 

US, OKBltt. A«T20toU5. #CfCH0«K!« * A KTt&VLO 

ubf I M a i. (Ccrrmt fr«tQC«if ip M»] 
« { g|jr &ig]otf>. Uiio «il!«y A 8»n*. 
»^ York. 198 9> <ifi«*n-C*>!> - C 
IodIdI V « c 1 O f f I A Ltbora^ary Wiom I 

DHA*»4lift^«iSi«««I*i66*C 4C**-eiT «ai^D 
NArt, < DN A , gcDNAI-Neo. J>C\^U*Oi&U3^ * 5 
H>A»^l. «J5J«. 5 p*V-2-H«e» 4>ft 

t«u » > v - 2 - D 0 P R *coair»a* u-Cn »8',»»L'^^ aw«»** 
i A«n*. SFA^r./ilUSCJaHRii, ««^t:£ff r < P^^OC 4 I & <C« 

&isi«»(c > r t- « ^= - kv r \ so o t ^H)*a* » b» 




292 :1 26. 1 ^) ^ * 

• lure 19 8 » 10*6. 1 9 7 7> £0 ^ «; ^ ► 7 ^ V (T < P ) 
j^t. jg >1 405T, i*80; (>ft«4V«. 

KHiKoAG «*«I!a«n» *'it«i ****** * aStt«I&*feflM**fc < ^ 7 
fjl^4fift»>. 4&«iW<»jB^6^«**«fnA*>:i, ^^(W i« 

Ji*f» >/^*^7#K) j^frmTv^Av. s>u^ft« 4»t, »ianntf. 
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3) M3lC*aniJ!^«v y ^OPT»/?TKrP^^>-^ 

3) B*K#6n*.l;*<r9-/ l-<A*-*>3E&ft<0 P 7H/PT H rPl/T^ 

— '♦ 

f P> III t77C-^ 4 CKfl r -ettfft*7?»-^ CPU * f ft* « 

O^-^i. ► y O- Ali. 1 M '.$J MS) XfciPL* 

»4« <P*5 7. 4> <P. 4tt2«lB'fV4a^'' **** <CSDT i > » 

MMMli' - * * * ' » ^ * * * * < » * *t 

TO**** P7«Hrr* I .'BtE?««- *f*C*a«a»J 



**/ift:(SL i55fc***tt> ^<>4P^t»bn«*6fi« 

^«BMJii Ml*lOBft*DNAtt 

« <HU«> **** **f*v»XJ *fc«-**<0|raj^ J* 
itf. JiSfrf FTK/PTH r VU*79-4l7f K<D*&feO <P P - 1 ♦ 
AP-5, &tfRP-6i 4* M<&»»*l3^fc?ff*fc&*4tU tlTO^p 

J* $e ? r« ■ i ■ 1 • » 125) 2<J*KU * 

* A X-H^r*« >»i -TOFT H/P 7*1 *P 

i*, M*&*\>**^ 100* \<*l*ZtXX \ Si 

(^VOS IT/2. 8. OK. S*0$-2«») 
CHOWRI) PTH/PTynrPI/+V*-Vft*Lr^tHK»4 r , 

i«l»l?BS^ OB> 1851 L * tt (h,Bl< * D»po*i> 



S ttft* 5dlb-c7';x(CbJ' lei River L*bop»iO 
PTl!»iW{PTH rP^PTH/PTHr PHfy;-A^6c«LII& 



^.i./f^^r/fA Suoe. Si. Log**. MO^ 

LTPTHtttdttt^**. ?Tn«»l£3i*\Mi«^*TC <f*J, <sAWP 
W t*J«r * fe*)^* * & ^ li P T u»»kt: T««*41 6 0 t » 
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0R>. JUL* &c*/« »ffit?*>*. fljttf. Aau£*cf 

ftd*$,*i»llLllL0l*e: P T !l&tM : TH r P±PTH/PTH r 

f'Vtr^- <ttt&> KU<&fciIIti>flKto»lTi'** **/l*K?£lH£HE, Qlol 

i tt.ra ¥<v<»x^ * i -cte/> «nso^ -5*-^R;pX2SMttt£*KJa««; a 
I doe; .v^ELior* . 

«*?t**>«U PTU **t*i*pTi5 1 P«> 1/ *A SrcfcK* !fcfc<rj«f> 

**6>PTKfe4vi£PTls w Pfl)l"C*«J«&£**WCC«6. C«>7Jjjjl;«, * 



55SS*6-S(TCS98 (14) 

* aa* L * P T B I/* ? * - *«H** Afttt P 7 H CBftf *£Hlfc*7 * 

S <C I • «i *t il,. HyDnJoRi» 5.! 3 39. 198 6) 

^^jaSO^tffi^T^tj-^r^. <Au s it b e 1 ei 

Ci; f I'f rtj j>ro«C<P»t ia Mo j e c q 1 a r BlolO 
g y , WiJdV nt>l i tnvcs. N « * York, 19*7 

R«<fi^A^ALT. / V M***- I'itiR 'S ! mo n * * n t\ * I. 
Fl0(. ACKi. S< j. . Sj0;2<95-249 

*::aE>.l: 8 31k: PT«*6^ttPTH r ^ * 

^«»Wta*^'iiCc3ti*» C<»*->tt*«a» PTH*4o«PTSrP«ib 

StC/lPTlJ**'.'!* PTH r P (WAtSs J;&ttiX&l > *> 

£4ttJ$> <9««i:«tv*i is«>iji**. itf>j; '>^laiJa.*i», ^^^^ 

* A ailfeA*v-. MttSE^TStg^SQ^* PTK»fiv*i«pTH 



CO^«7>jf *.3>xl>i:tf, PTH l^«^P-« /Mi 
^5?^irH^«>n, PTHH^ ^PTHfc&f'ttfTH r P55W*«4< 

(*4tM*?TK V*rj»-icRNAC^ > XT *> S 8 « A € 



O. S. 74 0. 4 &3dra»**it S!>* - w1?tt?lfl> Itfi* 

iiaATi-*^ **tf©OK-J!. OS-OA^Rl^^PTH/'PrJif Pl^ 

oep.) \z pt fjurrf-iftw^mflreci " ctfar 
o * ^ - » % Q5K«»ftteii * P T H 1/ tr r ^ -**Elft«ft&»R*J&* * 



http://ww4apdljpo.gojp/tjcontentdbenJpdl?N0000=21&N0400=^ 7/7/2004 



Page 1 of 1 



P Iff AAtfr t ;*M zn*>* >KjLZ*M& 

fiftrn«nbi rj, Henry M. 
Aboa-Bimr», AbHa i-8idi 
luppntr. Hi; i id 
?oti», John T. , Jr, 
3 i h < 5 e (i j, C r m ( g t I n i 

(I'M) i 3 

( i v) 

<A> P!*h ft Klchirdioij 

<B| MO 225 Prank! in Jtr*et 

<C) m Do s I on 

<D> Hi M»inchui«'.u 

<e> S 8- A. 

<A>**J>4 7: 3. 5* K 3. 4 

<B> a t i BU PS/2 »0Z*i^tt5SX 

tC)S*»: IBM C. P&S <'«-V»^3. 30> 

iv «i « 
(A) *«r»e : 



(A> 



30, 16 2 

(Si fl^T <61 7)^4 2-650 6 



12) *ft*J*ft^ 



(A) «3 : 

i ) <efl!G>£& i SEQUENCE (D NO: I: 
-tawGACfcse OkOaetE^tQ cuwtkikm vcsctoxzx ctat^noM *r*?cwc7c 49 

tlccccoei? wwCTCOO* 0Cn«MA»c <wcocrac ato cm* <n* 9» *M ATC i« 

IK 01r AU 419 A« 
& $ 

itr» cut *ca cog rrc ere etc «c t<jc tcc ore cic acc ie* air us 
J*r HJ»« *«* uw jua iw i«u «r* 4ir vu l»j J»e •** v*i 
19 IS M 

7KMllwl!UM«AJi Ajp M(> •** Thr Vy* Gi"J XI* 
1* JO *? 

m W Ctt CM MS COC OC enr W m cw CM «C Mi^ w» at 
IMlMUcMt iMi^ «:a tu cy« tto 0li» At* l»« 0l» 
40 4t S9 

oco cm «c aw 6s w <it w tc: «^ w «w w »» J*» 
V«J A*n A±o V»l M eve Uv All (w Al» If" M» trp 4tot Mr 
|« AO *4 ^0 

Mitt T3T €«A AM ACft MA AAc Cfc6 lU ICT «c* M9 CTT TW CC7 
Ac? *«* jLLft Igp* r»x i7« ty» c^* ^ m> Al» Qlv iy» i« Ty<- fre 
-w «0 •» 

as cu cm toe aoA cm m 4«e mc ose m <m «m aoj 

Ola Al« «iv «la B«v Ar? v«i to it« N( Aug tta «le Atf 

«c no r«i et> tc) «« *w w iw m ere Tfc toi cci wr w *n 

Oiy IWCf«iK! yev <Uu 7 5 ? **F Tl« V*l O- T F p »W Al« «T 

j(* no a>§ 

*W <CC AW CfO OW 0CC CM ©6C tCI OCC *At 7« W TW «AC *W 
' vu pro Cly 14* T*X V*t Ala V*l *m e># A«p t^e *M lyf Acp 
110 1M IK 

f h* A*n bi» *r» «*r *?9 **« m ^ »r9 <r« *"■= *»r *«f 

us \>**0 >« ^ 
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TVS OAO CTC CtC CCT CCO **C JUkC CCC AC* TCC CCC AAT TAC ACC CU OlJ. 
tr P fcJv J— **i r« 5U »«o *=^J Tfc? Try *H to* *r* Cr Civ 

in 

tcx exx aaC TTT cse acc oac cms roc CCO 4M COO 0»* ctc ttT CAT to* 
Cr. V*l 1*4 Pfe* Uto TM to* «$» t»r Arj BTO 0U »«* 
|>0 IT* 1M 

Mfl to, Oiy to* xU iyr Tto •«* «v Tyc Mr Cl * *•= 

1*1 l»0 «»» 

ctc ew w w oo ew «w t«c *« aw f n w wc t» 
t.« fhr na am vti v- iu 1*1 ci? «* «o am Ma hp cyi 
»co mi 

*oc<awW»»OttW«tCtr«6CWT«mwarJW tot 
te to* Tyr IM too »H HI* 1*0 vtl to? Of* to* too **J 
2Xi HO *M *** 

<?rt toC *TC ttt ATS AM> CAT «« «c CTC T« TCil GC* ct-i TCC *» 
M« «*l Mr it* rto in vy» *n *** f /r *«* C1 r ** r 
i» o«o m* 

ACA OAT OAA Me CK COC *TC AOC «»* OA* CA* «T0 AM «« MJ 
Ths M* «v U« 41- £1 « ** r «• «VJ Oto M» *=C AM Pto 
IfO 2W M0 

«? CWCCTirt W «C5 ?!1 <W OM 1« ^ Wi 

cx* ri« Tro Ato Ail My Loo Ml c*y ^« V*l Cly Or* *«0 VH AM 
ics I to 2n 

CtA ACC <TC nt CTT f AC TTC CTC IOC ACC AM TAC T*C T3C »tC CTO 
«tkM v«> »b* t«« ty« MM ThF Mil t»r »Tr Il« twi 
jtO Ml W 

era cAA COC 07? t*c rtT C*C ACC <TC XTC «T AtC <CT TTt «« ICT IQ^ 
«i obi or Trr ui Hi* »*r »fe« AU «*f 

iri 



31C 



C!» ty« IN frc Mm Tip »T «• 7hr «y 1>P «*I «*J »W 

111 J» W 

«CC WO m crc «T CTC Were <tC VM «i CW «C U3I 
hki rs* -*l hU W Trp V»i tl* *4> Ars *1A W U# *** *♦* 
ii« 5» **° 

ktf CA» TOC tea cm CTC Aflt W Ctt AKZ AAft AAA Tsc ArTC AT* c»C U« 
nr cu M rrp M? l»i «ty t M Lr» ttp U* ll« «n % 

J4» JWO »5 



«W CO? »rc ©CT Wt AAC ct» TTT ATP AAT JUI 

V4i 7*e iu u» am a«« 11* «4) v«i n* n* t*# 11* a«p 

J« H5 ?TQ 

ATA RtC MA CtC «5r ACT AM CTC CM «A0 A9C AW CCA W 
I&* IU Af« IK Al* 7Ar iy§ »T9 «>« T»J AU C4r ASf 
|» 909 5C5 »0 

XC7 CAC ><» A30 4AA CM 7AT AfrU AA6 CW CTO AM TCC W CT» «tX 
Oi Tap •<* 41* CI* Ty» Air« Lp» lw L*v Ly» tor T**f t#- 

Ml MO «M 

CTC AT4 CA£ CCA XT? CCC CSw CAC fW AM CTC TTC ATfi POC AC9 099 
Mi« itftt T-M (Ail H* Clr Vil «ti« Tyv tM v*i ^ *i« T>r »va 

(10 4t« 4JO 

t>c *=A swt *Cft D06 «Tt CTt TCC CAA CTC CM *»0 CAC TAT *M 1*W 
-»yr -nv «o »«l »»r «y i> Tsd cm r«l &Ut *«c Hi* 7yt Clg 
<2T *36 4» 

fcTC CTC TTC AAT JC* TTC -arG CCA TtT tTf OTT OCt KTT ATA TAC TCT 2*55 
«*l l*V »>• A«P tor TM ClU Cty fWM »M **1 Al* (to lit I^Jr Cy* 
4(0 -*« *M 

TTS tW tt? <AH (» W «» «*6 « »« A» I« W! Mff OM >M» 

r«i« Cy» cX^ SU Vat wl» A14 *lg li« Lr* tr« ^r T'p tor fcfj 
4L1 440 40» *M 

TOC A4C CTC OCC TTB «C TTC JU« C€C AftC CCC CCC MT MC MC »«* H« 
Tip Ttir u» 4i» *«• »•** *»• wo S** Al# *rf tor 91t tor *to 
«TS 4A0 405 

ACC TAC MC T»7 CCC «CC *Ti CTC tCn CAT ^CA ACT OTt MC <W, 
t».r Tr* tor Trr fr* Mit w»i toe mlp »f to* v»i 7*r A*m v*J 
4*4 A»> M9 

CCA OCT O^A OM OOS tC9 £C? TOT CCC TCA CCC CTC CM 9ACC*0CT» 
Cly rrp Axf nr «=P »so Cy* to* tor AM C*c A«? 
Ml *w 

Mcicoccc jcxcocaAIO CCCATCKOCA CTWCCT40C: T"CT««*or amctTOSAT ma 
77C3CJUBMC TCATT0CCT7 CAOCTMOCC «-«CPCH«IC ICSMMIATS ACOCOrrrCT 
OATScmrr ooAcTTUTO ROOCMTOTT 5<04C^*C oocrcr»C T^CTOCK;OA M» 
BCMJUCAOMT J^ACT<*TCT OAOOC^TATC •**' 



i2> fewiisaQ. 



2 CN**<*fl>: 
<A> filtf = 

<C) ift»0:99 1 



♦ 863 



(ii)C^ici: SEOUENCC lb NO: 



0M4CCSC0X T«*CTCCCC CCTMOCAAC CCCOOCC *Tc OCT CCC CCC ATS kl> 

H«T Cly Al* too Arc iU 
I 9 

TOG CAC ACC CTT OCT zjj CTC CTC TC5 TCC TCC CtO CTC MfZ TCC 07C I4J 
tor Hii tor l™ xi. 1— u< tow «V« rj» »* toi to* tor tor v*» 
to i» »o 

TAC OCA CTC CTC CAT CCT OAT CAT CTC tTA ACO MO C*C OM CPO ATC Til 
Tyr A]» A*# Tkl a*» mo too A*f» XL* lbs Lf* ci» HU Oto I«* 
1» M 1* 

•*TT CT CTC COf AaT CCC CM CCC CAC TO? CAC CAC Ccc CTC AAA SAC 3M 
Ho 1*1 i>ta Arf Mr All CM A) 4 Cift cyt Cl«i Cto Ar« t^J tor (U 
«0 M 50 

CTC crC- ACO CTC OCT CM CTT SCT 0«AA TCT CCD AAA CAC TOJ AJC XcA 30> 

v«4 fctu Axg »ro Cm l*« 4i« oi* tor AM l*. Arp try Hot to* 

i» 40 fl TO 

AOO TCT CJCA AM ACl AM AM CM AAA COT OCA CAR AAO CTT ZA? CCC J5J 
Arv 0** AM Wi Tax to* tor «M Ly* At* Alt CU ty# L*» Tyi fro 
» «C 9$ 

CAC CCA CAO cac AM CAA CTT TCT CAC AGC 060 COC CM CM OAT Ml 
Ola AX* Olu cU o*r Arg <i-j 041 toe AO* *rc Mr Ar9 tw OM Aro 
TO Ol 100 



CCO TTC TOC OTA OCT CM ICC CAC %AC ATT C*C TCC TCC OCX OCT COA 4S1 
cly oa« cy« to* Aro olu tsp Aa» ton Ito Cy* Tr» too am ctjf 
Mf 1)0 US 



ore c^c «»2 fc*c too ore ccc etc ceo tcc occ cm t*c ttc tac cao 40i 

V4i fro C)7 trft **» V«l A14 VAX MO Cvt fl>C A*» Vr f** T>X A40 
liO *7% »AC 



TTC AAC CAC AAA OCT COA OCC TXt OCO COO TOT QAC »CC AAT CCC ACC MT 
>to tot Dto Lgr* o)y A<c AU Tyr Arg A10 Oy» tor *** Ma oi r to* 
l» 140 14» 2M 

TCC CAC CTC CTC OCT COO AAC AAC COC ACA TCC OCC WW? T»C AOS CA» Sn 
Tx» Cto ton toi too 04y aao *«a kr$ ta? «o xi* to* Tyr tor ci« 

XTJ X«9 1*5 

TCT OTC AAA TTT CC AOC AAC COC ACC CCC CAA CCC CAA CTC TTT CAT AO 
tt* V43i (*« oi,* to j U>r ton civ Tur wo Olu Aro oi« vaI Ato A«r 
170 ITS 100 

COC CTC OCA ATC ATC* TAC AM CTC COC TAC TCC ATS TCT CTO COC TCC 401 
AM tod Oxy to* 111 *fi Toe V4t Oiy Tyr 04/ 11* tor ton <Lf lot 
XAO •TO 1»> 

CTC ACT OTO OCT OTO CTO ACT CTO C07 TAC TT» ABC AO* ?TA C»fT CCC T)t 
U« Tlu v«i Rb* T4I ton 111 O* T^r to* A?^ «*» ton Ml Cyi 
SCO Ml a 10 

AOC COA MC TAC 177 CAC *T0 C*T CTC 7TC CTC TCC TTT AtC etc CM M? 
ro* >« in Tyr St* »t* ***. nil t*u rni *ti tor fto am liu too 
I3» Tic rl» TAO 

OCT CTA ACC ATC TTC A*C 4AC OAT CCT OTC CTC TAC TCC CVC CTT TGC ATC 
A3* VkX tor ZXa #04 XXI -y» tap All. VAX A4« TyS 0*4 Oiy 0*3 l4i' 
CM 700 

ACA CAT OAA RfC 0A0 COC HfTC AOC OAO CM COC CXO 400 CCC TCC MA MJ 
Th* hif Cto St* 01* Arc Tto 7hr flu CM cto i*» i?0 «1* *M 
IM lft> MO 

CAC cc* CCC OCT OCT CAC AAO CM OCT TTT 07C COC TOC ACA CTO 050 «j 
Ola MO to* TM All 4*0 Ay* All Cly to* "ll •*? Cy* fc»T Vl\ *>!■ 
Ml CTO 

OTA ACC 070 TTC C7* T*C TTo CfC ACC ACC AAC TAC TAC TOC ATC CTO *?? 
**1 7^ t4 to Mi Tye Tto t«u Tto Tus Am Trr Tyr Trp **• t*4 
AOS TOt TTC 

OTO OAA 0O5 CfC TAC CTT OC ACC CTC ATC 7TC ATO OCT TTT TTC TCT 10 J > 
vn cto Cly Mi Tyr toe lil* tor to-j 11* Mi* AM rto r»o m,- 
9tA MO AM MO 

CAC AAA AAC TAT CTO TOC OCT TTC ACA TTA TTT CCC MO CCC CTC OCT iOT» 
exu to* to* Tj* toil Tcp oxr »o* Tto rto Oly try 01 » toM m 
JVI &M W» 

CCC CTO TT7 OTC OCT OTO 700 CTO ACC CM >cc CCT tiCA CTC CCC AAC U2X 
Mi «■( rto v 4 | AM o,j tro ^to T>w toi too a!a Kit t« AH ton 
Jtt 1>T MO 
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AST ©to T8C T« «C ^JO Ml W( *» W M6 *w «c »©c Aim ©a* 11*1 
ier ©in cy* rr> *sp im #*r toe aiy am tys wj xi* xl* qia 
>«< iw> is* 

cro occ 4*5 era oca osr *rr ore ew aac ttt att err trr a** *at wio 

«■! Pi* I to to* All 41i I to **1 «*l Mn IH iw IUMi 
J to MS TO 

AT* *IC ACA cxc etc ©ex *n AM CTC coo cac AO© Mt CO COC AAA lOT 
Xi* Xl* *** **1 ton Aia ths to* to« Aff 4)f Ihl- As* Ato My Arc 
*?3 MO iff* **> 

TOT OAC MJC AS© OA CAC tAT AC* AAC atO C*9 AAD TC© AOC ©T> OXC Ui5 
Cy* *»p 7*r 4*0 ©to «4i» TrC Ar* \y© *** **■ *T* *** w * *•* 
999 400 404 

etc ato a» ct* m coo ©to cm tm mc ©to tic ato oco to ow i*m 

m»- !*r« *** »M cly **1 »1» Ty<" Ito *U Wi» **<• Al* Wf 
Aid 414 4K 

1>C W- CAA CXA 1(A OS© ATt exf tea CAA ©TO CAA MO CAC TAT «AA WW 
trr Thr ©a*. *a sir oiy XI* i*» tsp ©1* T*i CU Hot «u* Tyr Oto 

4X3 00 4)0 

MgercriCAnratnGCto^tnttCCItODeAnm^ttT HK 
l« M« ?hi i«i he m cU elf (m III VJd All fto II* Tyr ©y* 
MC to* «S0 

TTC ICC AAT ©OA OAO OTP e»C»WW WM6«»»*ttCtt WOT 
N>* oy* to* Cly Oto «sl CV» At* ©to i** «or« if* M# X*© toe Ar* 
A3* -AC ©AS •to- 

pee Joe eto Oar T20 ©A© TTC AAC COC AAO ©CO CO© *©* ooo AC© AO* ttSS 
T** ©a* i*« aaa iam a»o Pi* lya Ar« l*» A to hr? tor *-c 
«ri *»o 

ABC TAC ROC *Af O0C 000 AtO OXC IB CAi 1 *£A ASt fllC AOfr AAX OFO 
tee tyr tor tyt Cly rw A^A «i* e.-»e tor UaA It* At n tol 

«f9 il» SCO 



«ROSrOCAOO0OO0Cr0WTTOTDCPXJWt«rCOAOtAOCT«ef 
Oly trm Aro 02 v «|y Al> u.m:-jh 5*1 >jfo **? t*» Ato Pro 
006 " W *» 

OCC OST OCA CCC K9T 000 AAT ©ac CAT OAs OAC «0 OCT COC TAT vT* 
Civ M« Cl> Al« *«» A\« A«n Clr Kt* ■!* Cto Uu »C» OI r Tjr VAI 

A« 

AAO OA? 4»T TOO ACT TCf OAO «*C TCA Ttc a» «A tO? 005 OC* OAO 
Lr» Ai« 01^ f«i XV* tor Ote mm fi« CAy tm tor fl«a« 01/ Pr* Slu 

A. n.^ ISO " 



1?g*FB-50rJ598 (1/) 



OCT OOC HOC KAA Q*X OAC 000 7fcT CTO AAT OCC 7CT OCA CTT TA1 OAO DOS 
»ro 31/ «»r tr* top A«v fliy tyr toy a*x. Oiy »«c Oly tou tyt Oi«i • 

S5X ftt9 *0S ' 

OCA AtO OTt COO CXX CM <CC 0C1 0£A O^" t>c CAC CAP «Uj AOA OW SA4> 
Ac* h*i 0«> Cly 0A« OLa fro no Pro to* tov Olu 01^ aiy *t? Ciu 
sto i>i soo 



■CA cr> A70 
thr v*l to* 
tot 



(2) £*)j<MS&9: 
( I > C»p>«» - 



<3> ^-f 



200 1 
2*« 



(DJ mov'- : iA4C 
BEQUCWCE ID NO: 3; 



(WtOoOOOOO O400C0OO0A OttOOCOOOC WXOCOOj tOOCSOOAOO OACOO00OCO *0 
lAOOOOOtOO CO A*0 OOC OCO ©CO 000 AtO OCA OCO AOC etc 000 OTO 101 
h*i oiy Ato Ato Ar9 ito 0l« rro tor tox Ato tow 
\ 9 10 

CtA SIC TOO tCC OCA CIO 020 AOC TOO OCA TAT CCS CTO OtO OA? OCO 13t 
pks M» cj* Cr« »Co Va» toa OAS toe AlA Xys AlA tow V«l top AH 
4* »& 2S 

OAO ^ OTC nt *CO W W OAA C« AT» TTC CT« CT» CAP a*} OcJ M4 
A*» top vai ?to Tto lyo »lw Oi«* Oto xto to* to» mm xt* *** kLa 
19 » «0 

OAO OCT OAA Hf OAC AAT CTO CfC toO ©*A ©ST *V* aca ©£A eoje »x 
Oto Al* Oto Or* A»p *w tov Hfw Oto »*a to« tu- tjut aaa Ato 
IS fO » *0 

W*raWTOWW*»««Wia«C»aaraM;-nifiaa JOO 

A*Q It* **0 *IW Sta A>» Ly* «y T*p 0±> A1A M* XXIr C**C1> 
AO tO 74 

AAC 00^ AOC AAA CAC AM *«=» XCC CAA AAC XTC TAJC «*t ChO TOt AAA 144 

to* *>c* hrg to-* cto ^y- aU «t «t* »»* cA * *»* ^ 
00 00 -<o 

CA» AAC AM OAO CtO COO AOO OOC ACe 4C« COC *0A COO COT COC ia Xto 
cto aaa 140 a** *«1 fw tnr ciy 0*r Am A«o OLy **v »*■ cy* 

li too IPS ** 



CI* c«n AAO TOO OAO AAC A*C OCT TOO TOO OCA CTA 000 BC\ OCA <*?f 
V*« itf* Oto tsp top A»r. HA tot Cy* Trp to* tov My Al* rT* 0»f 

m iw 

OAA OS© «B OCA CTA *«t tOT OOC OAT TOO AUT TAV OAO TtV AAT *»C <*X 
01* V*l Ta] Ato «*1 rr* Cy* »r4 AAp TJr» 11* ty* Asp »to AAA Kto 
ttc wo ■« 

AAA OOC CAT OCO 1K0 ACA C5C tOT CAC "00 AAT OOC AOC TOO 0*© ©75 UO 

Vy* ciy oa* aaa tv* A£0 Ax« ©ys **j) aay a** Oly Pvr ttp •*» 
m iso m 

«rr eeA co© OACuroMAATteoCCAUtAeAOSHfTKrn: aao SOO 
v#i rrv oly bia to* Aro tor xvp Ato 4wi tv* tor ©!• cy* L*» Ly* 
2*0 I** 1-0 

RC AtO AOC AAT 0*O ACC OAs cAA COO OAO Of A JTT OAC 000 CTA OOC «* 
m MAC ?ne AAA 01U TAT Ar? 01* M-9 0±a «i to* Asp AM V*J o»y 

)?o tec i« 

AjyC AjtC TAC AOC OSO OCA IXC ISC ACT© ?CT C?C COC IOC -TC ACS ©ZS> C04 

m 11* *yr Vu v^i civ tyr =*» xAt tor toe Ato tor Tto *a1 
100 541 IOC 

OCT OtO CtC AtC CM OOC TAI Tit AO© OOO 0X0 OAO TOO AOO OCO A*0 TM 
IU V»l M* 11* LOO Ato tyr rto A», Arp lAu hi* o* tba Al^f A*. * 
IDS Tto m ** 

^A TC «WATCC«A10WWwm*»t!OfO;«C«fl-it: ?S0 
tyr no Jito aoo ton. to* too Air Tli* »<r* to* a*o Ato Alt tor 

S2A WD 1»» 

ATO TIC OTO AAO ©AO ©OX ©5© OtO TAO tOT *00 *TP AOO ©TO OAV OAO B1A 
U* fto V«J lys A»p AAA OAA to. tyr 0*r Ciy T»K *■-= **p Oto 

li© to* a*o 

COO ©AO COO CTC ACA tfAO OAA OA© T^O CAC AtO 1 ATO OCC CAO OTO ©^ »H 
Ato Cto IN toll thr *ls 01* pAo Mi* ZiM 11* Al* 0I« toi tz*> 

no ?*o 

COO ©00 ©Of ©CC OCT ©CO OCT OTA OOC TAC OOt **© OCC O©0 OtO 000 97A 
trt rro *ro **■ a*a axa Aaa tol oiy ly* Al* ©it ©yA Acq toi Ato 
ITO »!a *■* 

OTO AOC TTC TTC OTC TAC, XTC OtO CCT A05 AAC TA© TAC tCO Att OTO 010 
V4i tto fA* rb* too lyr yu* v*o aaa tnr A«* Tyr Tyr r«p xia J^g 
ttA mo a«* >» 

mAWW«OIMTrl<AC"*CCWI« Wfc»«»K«t«KA ICO* J 
yai oiw ciy iau tyr L*» Hi* Osr ton Ito to* *■* Ai* to* Oh* tor 
001 3W 



IIS 



OAO AAO AA5 740 CTC TOO OOC ITO AC© A1C TTT CSC TO© OCX OTA COO ±040 * 
Oto Ay« «.»« tyr to* Trr Oly to* tk« i±* ta* oly itp oi y a«c 
its *** 0*0 . 

OCT OTO CTO OTO OCX OTO TOO 0X0 OCT 0X0 ACA OCA ACC fXO OOC AAO 111A 
At* v«i ro« vel Ato V*l \tv VAt Oly V*i Arc AU XUi to* Al* too 
is* to* to* 

ACT OjSC TOO TOO ©AT ©70 AOS TOO 090 CAO AAO AAO TOO 4X0 ATO CAO 1100 
Tto Oly Cy* t7p Asp too A*r J*r Oly AM Lys */* Tty J to SI* 01 a 
»»0 AT* 3*0 

OXOOCCAtcOXOOCATOTOM ©to 01© AAC tt© J*)0 rtt" TTO AXC AAC 1213 
<A1 too 11* Ln Al* toe V*l V41 too A** OA* 11* too PA* 11* Affl 

j*i no J i* 40© 

AtO AXC COO 0X0 CXT OCO ACT AaO OTX COO CAO AOO AAT OCO OCC OOO lt<0 
11* 11* a*© W*l to« Ato M.£ W« to^ ax« Olu TlK Apr Ato Cly Ac? 

m ito oot 

XOT OAC ACC AOO CAO CAO TAC COO AAO CO CTC AOO TOO ACS TTO OT© U©« 
Cys top TUr Axs OS* Oto Tyr Aro ty* to* toa Ate tor 7hr to» »*t 
0»C 451 010 

Cttf OtO 000 CTC TTT COT CtC CAC tAO SCO OX? ttO AtO OCC TTO 000 :»* 
to* **1 Tso Iau An* Oiy Vol hi* Ty* tto Oel to* maa Ato tog /so 
415 420 42* 

•AC ASC CAO OTO tSAj 000 ACA T70 TOO CAT ATO CAO *T0 CAT TAJ oAO i#04 
ty* xto «Sm toi too Cly TUr v** top Ois tto Oto He* J*ls Tyr Oto 
•JO 41* OOC A4» 

AOS COC 00© AAC XOC TTC CAO OCA TTT TTT OTt COC ATO ATA TAC TOT 
kk (At Pa* ton tor tto Ci* Oly Ph* Pa* «*1 AIa II* Tto Vf Cy* 
OOO «4* 

tOC TOO AAX COT CAC OTO OAO OCA CAO ATT AOO AAO TCA TOO AOC OOC 1000 
so* cy* Aaa Oly ©to »*> 01* Al* eiu 11* Arc L/s 0*c tsp tor **? 
400 OTO «70 

*©OA©AWC*1»y00IWTTCAA©C©CA 

?rp 1*4 Alt to* asp Pto lyo a*« by* 41* Aro a*r *ir *•« 

400 44» 4*0 

ASC TAT MC TAT OCC OCA AT© ST© TCT CAC AC© AOX OtO ACC AAT OTO 

tec Tyt 0«s tyr *lly Tro X*t »4l 0*r Ai* Tto **c via Ia/ As* **1 
400 *00 MS 

OCC COC OOt ©OA ©CA CTC ACC C?C COC CtC AfiO OOC COO CTO OCT C©? 1*44 
Oly Pro to© si* C*r VA* **T to* Pre too *** Aso Aro too Pro Pro 
110 0« 
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Ml VW All* Cly H%9 **t *J« rir, ClJr «*« Kim s^* MO Cl r j 
\yx ii» **» 

^ ©ca o« act w a*t CM ACC CT* cca w Mf *TC C» «ty ocr 1**6 
All r» AU T>T TO* ti, THT L« PT» tK H#1 XM VW T*# 
9 «1 frU *W 

(ufleK«;«*TfeHJiKoccMfit«ittfl3ee»cww«M am 

Ly. M? M? 01* TM m A*A «*T *™ *«* «*1 "J • l " 
w »«1 

S SJS E ~ u. ain «* «y 

511 UO »"* 

AC* cri «0 

7t|y Val 

toQKt*^^ vmcamv* ca^^rrrc ecTttrwrc *at*cccoat ctjcxtcjoc »u 

^ttKM ^CCAAMTC OHMTBCW* «TTfl«** SMV 

aattaaatat cirtcetcM nw>^' iwCACACAM o**** 



VCCIcacaoc cxccstutto stactccaco osccmccca ctmcctmc xmtcaccw »c 
cwccccccr laaAsrcsec ccTi*xuAC scccccs xtc coa occ ccc ccc atc x:: 

MCt Sir" AM *W fcrg 21a 

tTO CAC AOC rT7«CT!«crCCTC?«TCCT<C«KC7C*«CTCCffIC t« « 
Me »U* S«r LN AM IAC 1*4 U« TY* «7i Mr V*i Uilird: V 4 i 
>o ♦* 

TAC CCA CTC CTC C*T CCC CAT SAT 37? *TA ACS AM W CW CAT AT? I — 
AU t#C V»l A*P AM AC* »* *¥» «V *1* «*♦ 

2t ?P " 

ats err ctc occ mC ccc cac ccc cm tci om cm etc era am cac «t 

1M C*4 Lm M? AM AU C)«V At* CM Cy* <=Vc CM AM Iw t*» 
40 <* ** 

ctc crc aw crc ccr CAA err acr cm 7cr ccc am mc roa ato ica act 
vij uq A^f v b i fN 4lu Ua M» «m i** au ty» a«» rrr *»i 5*t 

^5 »* ' ' Q 
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Ai^ s« Al* Lyi T>x trt (*• ^« 'JJ *i* ca« I*. K« Tjr Pso 

CA4 CC1 tf AC CAC TTC MB «M CTT ^ OAC ACG ACC CTC CM CAT *0: 
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SIS Jit 



CTA ACC CTC 7TT CTf TM TTC 7T= VSC AC« AM ?M TAC T« A*C CTC 
Til TJvr Nm Lw Tyr 7M Mu l^r TMr Mti TVJr Ty> Tr^i TM iw 
U6 2» ?»* 
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* ttrt r AM P^RMIM:**'/^ > ^-^U4-X?**!5Stta t * 
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S J t»» *9ftAj CI. *o*-> :.TfitJ 9 d9*rt4K*., SMTqo^X 
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Mil ford. MA) Cfftfif-Q.&l&Jlv^'t&lft* 

fl »o*f*Aift. . s'/fceAX rtftuuts* p-*« *<» -1*4 
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I Oft A CKr>)*Tr A 0. 1X7 FA*. 10-* Oft A 

0X4ftMirt4Wl*i :Wflfc4:»'< / ■^*t< ak * j 

y 3 ' . C ' 9 lfBIAHl9AC<t*tfft ll-l«jf l««Cl|ft 
ft!SC> 4»HI»«¥M <0. 1?* ]<j<| fcOQnKfttf 

(pus. si rrau > ix.*.+?x>Lbixitmto&.** (* 
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U 4 'Cr-ftf > + a vft ♦ S £? U^. »• k-*-«J | o 0 (■ 3 
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(pH7. a i . a. 2mMh< Cl, 0. frate^f 

( 7 - <» t KS. K ' -&fi'^ <&r:TA> (S i sniA> < I u 

U4 K-Ji (Sirwa) <auj£«H't: qt^-ift*- Htt^»iir^ 

ftvf; y*>-«*< 0X1 C-)t*Ci'i*<.U, 15. 

SriatBAna f r>9 l ruui4 a i ». Inc. . we&lbnr 
«*r >'<>Odtt <LC* ry ot *!.. S»n). Hbcta. 

jjLii it s i i ratbtt-cnj . smgyni^f^ **o 

llt<!)j»«0. lOO^ilJT. 5ft»Mr'.'X-Mr (pilT. 51 0. 
I9XATP. I «* cmM >-"PJ *TI* <K*w cnfflmd 
Nbc)r«r. Boston, WA K 9 ftM**«? < * >. H , 2 fi*K 
HfCI. . a««MKCl. 0. 12KBSA. SU 5wM*WT»^i^ 
(^tiwort K/JiAon Division, Bi< Ion-Dick 
«n««n ft Co., Opadii burjf, fl^l ^i»rf>*X 
•r»*-« (jielmtf ta/HAfldl frACAT J*^I^c<> 

0^]O2 3ior)0AKP. 00Oe»Af>t 'H3 oAKPiHm 

["rj r*»l*i*-<ir:*&1la»t ff***4x ft* 
P>vrtd t*b. Pick mood. CAl i~r A % + < & J Q * a ) 

- i > *i ->»k*"V> *- «?e c k* <-d ]«uticEf hi Co i 
r P! c AMP*>RftCS1f tM^fetrny^ii 

P?K.'PTBPPIfl'»-cl) N AfclVXk£ ll ^*SJOM>nrt*. , » > O A 



. t*B T /Xr*3 ' - H-xf> > * 20 j 

CaCh > I i KC1.5i H a C ) . H 6 i .H<j3 0. . o, j ; 
PoHCO, K,|5?i>.. 1.4: ff*5-A, 1 t - axtf I 
r«-2 A«* f I - [2 - -*n*S*i,****-*-2;" -'A) - 

i .'VC) », N" , H * -I3irtt^^^r«r^/X^«xi* 

AJ , 0. arXir^K?. 3 aH£*4'G*CCs t^l6A&4 
IS., rurfe- 2 AMimftl.AJflfiitt. *.\*"<* WT«0»€dC l»K 

::«:. UaCIi. Jl kCl, 5; KaCl, 116. MJS 

s u >^.Hpn 4 . ij 7.>j-x. piit. 
Ufcfle&x>Tc. a*^ <*h»teft5tonnii:i:~;^?. pui 

U ? u r 9i - i«»*Tr»*r.*j3 - ft b t— J» »Jfc 7 fc : 
<9Joptiy&ic« T ec Aro 1 oc j « », Inc., MO: c 

Ttiittf 9 T"CVflir^ iit* •* r>^-ftin-.3l*M l2c x s a I>t-?* 4 
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J( *l (PH) lac. . Nil T S^KWl''/ 

CrTfc r<£OOTjn^'/^9<Vo: ►#>. for*- 2«>3 4 « c < bO»ito&tf 
ft /t i x F q r c - 7 « 9Wtt«GfiM5 1: 



v.ni 411**':: i>a?oia (k*ibv • uo*a 
vc. e P l« A* **=-* + &s**.i*f 



Tr-F*^ft>S (Kob i IUa st *J., Nelurr 328 
•7$. lflftTl Kob1i|i A Mt »1. . i.filol.^l. 

»<I2 TltS> S**9: H«cfc«rl ft « I • . 
nol. EjuUcCiOol. , 6.70, I9^ii K^bilk 
« *\ *1- : niehcc 238:&50, JBPTJ l«0 
nor ul Al. . Science 237:127. 1*97. S 

f ri- tr*-«3- v»^^«nse*^7fcrt*r*/o--/ iQaniii/ 

u-«4>'i-2>r«M«, >p-/«K-IWW«*:»-;ft IPC) 

R<»*c «« . |fL9 * a * c t tf « « l v. c I- 
K^«.V'J7h% IAJ *<.*T-J.ft^2 5thp?*<fHlnd C ] l/B 

20 OKokS&Z iy«WIUi. XJ»o:»itU-<J r*5'B3"P< v^* 
*it. J-t«.^5 iO I. {Mi—i'KK 



/app->. n»c i dc iAt^*<fft5>«, s*i Kiua* 

&at IWJCitWAt p«.'9V >t«*t«-3. 3fcb*$ i I t/Sxi 
lP»>A«;*t. - 8fc bXho 1*.'r«. *c P ^VAU*/?o-i> 

i>t-HOgt)?CJ»niH!/5U lUffa-'CKPPTH/PTHrPU 
t7' -O iJft ? f L CAP. WC. IE«^> 91 » *ri-t£^ 

i o 0 6 1> p« < y h o a »x»n s * itv^i 5 - -4fta*f " v yjp^^ 
a- r - - fcjcRWfiL t » . 

3^7 « >*» a** tl-TJW* 
r v t - g >. a e si i * * i K > y^ifc. of > ♦ 

•v OX-GiR I 9 BOS * -r->< >^«ta-3<Jft"fv-jlK 
-I. »*. i i) >rClC56 -*7 -jF4>-7rtW4l:tt^<^«fr-R 

- FLtr^t*ae»iUWA^^*!#«rAT< ^^t2*»%Jt. charts 

tJl*tz-t^k» t >«PTH/P? Br ?i,kSP-c DWA05*3^^ 7 »• 
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V- * * *H*& A a. & t •■ 1 tU)£-**l$K * A (~ I 0,-a. t — » « •> - 
*»; rw/KrKrtJi^ E 5 h *> V I '* ttZMT * 

6 a b :/ «» v r ?d)0fr*»«t- * V r * ? I 3 $ 4 1 1 1; b 

7 * -»»~**iic c a tut. >h.. 

XJ.T>PTH/F73l r PHi7*-*.T>in«lfc:j:9. fcs. EJ5£L'Sl?tr 
it 1 ? 7*e>'s*r 4 ?i£ftS<rt . T-:?0*TOtt«!>* MJH*WI - 
^!ttK9?f)ti'M<;^'-«il(t« C ft %«0*HT* ******* : fHf.lt 

•fl! * ©P fU/l-T NrPH7 P—«i~* v ' r D)*i1tJW*£l9 

M ft 14 GK - II t ?l<<«f ''SOT** ,!S i - f- T il i- P*«£* * 



-/^ >«B*0 1 P > vfV« tt-jTi» 4 i ? T H * &<ft*j!*tSfl 
ftp* y*-t:fc*r*.t*: ft^tti to 5. 

OK- Hl^b)I.T»i&COb«fidH 1 •PTKTff»#tf^£». 

TH (1-341 « » ' 4.JOT«AS^r<^<5 ^-3 4RCf7 



-3 4ajtii>. ^H^«ftK<: I «tet/+*-^*««*>*cill * 
It *T y r »jt *o > >3R^ ->) F T Hfitttt t* 

OK-H?%^ Tt* ». CD ,r ) -«1«Pf HO^fett. P t (I 

ho«^ -*c*. kPTBrP»«£l i 6P«z*-»i: 

1 1 / / \ - A-t-vo ( tP« ) d«4^tfVM»uci:f>raL«0r&A?>: 

^A^Ptl'fl^***^* ^jrie^ v-^U. If I 9 M to It - OUfitr 
$*A x i»* = t ft**r ft 0K-0c0X-Kon^ o»Piw5iC*««fi 

otUl. c*'*C*>5 01in**v ^HW, <PN i •^P.*- ©*tf9 



lh/FTH??i tT'P' rt^.7*>** , «V** < 9*v 

-> i *^iiJSA^CJ « »?-flStin«:. rftft:^7* PBC^n^* < 
(ii, ) ita-7*:'f- % «*« v i6-/.: ?T-f) cnfctyf 
^aiB * » > o * tflffti < ✓ > i ? vawwr*«fl z*\ *«.h 

^S^rtrf L^c- JL .>-. *&r*Sia«A. rt»t.*a'<*C. 

t ] ?n-.-:^r , ati»?i* t.is:trtV*T»ft» 3dn«:-*cft*/4M as-? 
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Rmoi*. $• ! » x mpp* y * eft 

7-. fcB%^*LTP!JC04- T hCHOtofclAAklPTB fl-3< t « 

V4t. PTH/PtHr Pirtr*-i:c*4U«i,rf~trCt?':*j.i>ft>* 

J?iK. p rn/pi H r P^-.'Tv-jawtto^C -HWXJO/ 

'/o-:.ib«&*t p©pi «/« TH rPn-;*-f 9A.3f.RC OS - 
»«W«C|»X. «W»PrS II-SO fcPTHr? U - 3 6> 
I^^O, fifty epn) *t<fil?tii <". R l SB <t»RH* 
">!■*'/. 8. I*J. 57**7. I - l*i fc»«l ?oiC05-7j| 

*P1H<) 3-i J JlCfctt J ^ fcAM^S- t DnM (fll ♦ * ««. 

r»-»4* fcPTV <7-3 0 CV* WTttSClffiMtSLA. P? 
JrP dtl^PIM/PTWrPu^rf-CHL. 



4$ft76-5 0 6&9 8 



•* /i «*;.V 'I?**.** siv^*:*, £$4:*WC* ftn 

J 4) *trPTli (T -3 J? C*T*tJC*Hm. *.**<l£HKrK<i:9*R 

Posada *fct*j*ti. >:u i » i . 

k t^f T K/ PT H r KH 73 W)T i .' jpftldtt. t ■/ I . ^MM 

frf»««P T H/*PT H r P b t a'* - 21t*>£ , AHHZWW&*t* j ! . 

AMFtVAft«A VOi.ou«.W#5%C t » 0)K TH/P TH r P :*-5 :> 

ilflof.*. f'J « Cl-3-l) i~«rf i**«o*i«i>.:FTH 

rP < 1 - 3«i ::>JT4» w^tti^Ml»ia»4C»ni. *^?»l-«!>iIWPT 
I) <J-14» ttcPTII I7-:»S> CWVtSfJft'-h 

pth/ptk rpir fc±a=JMua i-a 74 ><f 



t!K4Xtl ?i '*«W«4:Htt. U^tflWl- I 25 -7^7i.'ft) !J£ 

# tt|»«ii < o^«o«a*«^fitt. P t H/ Pt H p P19 J VXtO - SP B 

» - y t r I ' HAJI»%« t /fttfJki. *«Si«tRfl »• «c v • -tf>u* 

fia*^ « > . n / -r v » 7 f-o«i:h:«*»iWl x <n 

i *) . 

* r •/ « i o»WL. * na .».'/ * f w»« p t h/pt m r e t * r-7 



AH * A t : * l> V T * ' -Urt* UlfiA *fv4«^+fi'^tt^C^.*wA 

It (I fh ikirt *t tl. , EHKO .1. Id:>&35. 
tin ft 41 . 50KRO0 

Ctt^OT-fc OJ^J,ri;#^ij| I. Tji*. PTKyPTIirPs/ 

=>l.«7«- <ti«<k9«Ak 4 23) Of* 

Ri!t>j ( r.-flSta-.1 5Sttf>-»y*^., »^K» ^-"( W! 1^1 S-^i^fit 

»C '£A'9**fcti*&. PTM./?THtP. J>*v>-->. flTTt? 
^/;<5> fP -Rlo«i*ta. ii-r.^a:?ir©Hifto0 3.e»*u, M .7i N .\' 
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* M * a Hf)«i<ft •>« «t<JLttr* 2*.*: * • t «7 WW* W 1 * ~ 9 a 7 
hfe*ciA*9-Fv« < D X **fl.v |>K l S b, OX - 0*70 H -II 
i 7x-5JlP<iJ iSt't . ft Wr?Ai t (tSflAAS) 

American ly^e C^ltuM connexion 
(.Vf CO t^lte <k Ut<i. £«4ftA*?ATCC flv. If 6 S T 

i . 4 s 6 t a , eaau. ; d » 0 » , *?M & m n t c.*** 
♦asOttSttX'A- The G«»ev«i 114*0)1*.] C>>r»« 
ril j«r.4j[. *Trc*C.wU*<W»«V£.. *L. tt*fr2>9*r*S&? 

7'3* 0«>10***fc*+$3*«U'.S»**C<< S*S *ffl. -t-C. &» 

frfetttar*. vw< M-a u«<&nMi. A com 

knl *tvr*:\iu-.* a:iis* 

flit! **ttA^*i^*fcr 4 S:M*V:*'>4?A »SS<^ i:: i t *tf 5. 

/» . . ape »«&e«i9-*A 77- «9»»*««i«G 



*±t?+*xri '«otaB. st&WPtttt****'* stfcttJL«H«Jfc* 

cuou an* Fasman, aa&. 8«v. p,!cci>e*. 
j V : 2 5 1 , J 9 7 S 0&> <? I. $ (<**tt/lf*«i l Jtfc««l*x4W« 

v : . *6i*}*e*J UK* k ft 

t.**?i<:*o« »'i It. I -»5> FT HI* 

tt£"*P TBI* IS <*!«*:&. K|AB?u-^«^i 

JP-|: THITREREVFOStCyfyTVO : 5 1 

4v-q- Y-PATLAKTQC#DLSSCHK>t'3fl IOV? 

DP-&. t'Yl KVllOl l.*M 1 QMKVKM <^*J*^-0) 
PP-&- 5)DVPTKEIOI JLLHR AO/ 1 CJ 



T.Pl-7- FJBLHCTEKr (fcKlfrt : I 1 ) 
KM _*. KK<Vi«H:riL (a««**l:l2) 

:it.*<ii«rn«ii;rw t*.«/itoS^.T* (Cdaict ioolcjy JJi 
j_i 1230, 1 9 8 4i «-.teu^ HFLrt=i.-»r3fc**v/.* 

&L.aa, <«;:«» * it si«*ie>tt*v <n*» p c ova i ? d<v 

♦*«^.ir- >"f hVPTB/PT Br?Kr*-<-atn:tit-* 
*at/«if'-cCv ^. TOJV^JHBi- HA Jl . GOSSIP LLC-PS III 
lb. OKMQ. AT T ZOUfo. S~CBCMEHB»»AW*iiA^<>JRte<S^ 
amKCtf ML» i MaJAWV^AA :t A a a. 

vbfrl et «). t'Cutrtnt P'-Un'-ils in I 

r s m York. 1 3 8 ; > c F-tfte ***f *»<it;ni*ia» v^xv* c 

1 OiliOg v>C»0HI * 1.4 ■ •! r » «»«mi*l 

ip H r I -J.. i9JfS r l&8'(> 

KA!t. pcOXA. pcCMAl-N«i>. ffi.ttVW f »n>'i: 



Alicia, CI&CO) . <H-nHr-lt 

ix^cPHfttf, .i» toKtrjH« lie & ft* 5 

fli^a' R roi iil. ngftStl. mJhoHrrr el al. 

rficnr 2: !•&. 1 1» T 7 I HA-it- ***»Ur74t I ? 
+ 1} l=. laionf 11 t-ai 

fl^-t-tfvv-Ar./ ¥**/-i»J*ftltfi e *< al- . 

Kolurr JLfi-i : I 2 A. I 0 > I i tfvDT* < . 

f^.*& i*-*) . ^7f-a 11 to) ichenn *i a!.» n 

a t«rf 1 9 h 1 JOffc. I 97 TJ M' ?*r < ' 
/ 7 ^-^_# Kj^.HHe : el ftl. , Nu; ), Acids 
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* *4iMt ii if * * 0 . - n* fMS L . lh 

v i ! y * * c i: *HJX 5- <« U t * * * tf* tts 

W *H*A,*5K«I*A FO&fHfctt. WT*J|. 

i ) a:ii:ir*ti*,£i*? v iJ5vjc*P7«.' ptm rKi.cr*-o. * 
*ii-r-tc«K8tK 74 /ki - it '2 .> 

si Br^t+^rto;. )^^^h**«P f»/PTKrPt-t vv«r^ * 

3) K3 3i: i*>£ a* j «J v*' « waozzhitP T H/ P 7 Hr?Vfe*/> 

*4HreffOA7* ?9 <-~ '»cr« •»-*■!< -CHft*."* 
'.'f?; f in ntX/PTR nP*, tv*- fc »u-t*«*vPTri&P7» 



U<*tf CN U ?tfi*J7 ^p-.? i4<-7^ J * - J OI»U H5S7) 

4> + «'i-l-6nft. V7ro-^. j*l <pH<H 7*»tr 

SilfJfin.JWi*?© *-7rc~*-fTH, o-^-PTf* 
rP. litfl A -IA*u. ^#m-«i'm'A 

■tA (put. i» p s ***t*ru ■/«*" -•■ *n« <!&aTu 

ttttfl** tOKC^ ttticPL 

♦ffWTo'i*' ^-^r ii^uc (*n.c<% itvws;. r-c ^Jflttiti^Ars 

jta^PTV/Pr?*rP^-t^?-<' , ^^^)'<»*vo (Air • i. 
9P-i. (tV.Hf-6.la. ln^UiL^Jfi-TL^^ft.ltftt. 

j^fttttta 5S>»^on rA^*w: ~4T«tfft*» niciisa:*- 



H t*L#. $**r<> et . r< ! ) 4 CTC1 : 

»»'<-^sit>. «ai*s ,: J-iratP7JC,'PTHi-pt «?>-itir 

RCL'fUIKXli. ROa 17./ X. 8, lS|t. SrOS-?aBI fafcuO 
«KA C»OH % OF.-0**K!iOK-Hfc»XA?»fcC0S^afc*l>tt 
CUOXttil PTB/P7¥BtPPir«-e^LTCi»4fl*AiS». 

«r<!t Knar uh) a»>^. irt tw» u»nnin> 

<r, v«. *Xif. uMr-»'*i I •» iLfii:i?. -<«>w 

S*J^^:5^ll^^C▼<' , A <C!I»/1 ♦ I tti^r L«boralo 



r<«..iiIAi'V^««*»1^'>< '-Tit. fk«. 0OA^»PTHi 

*y p -i>3 ^-^^sst < P o < 7 y z . t * i,t -*o 

*>r ii t f y ^> - »a - ^ i ?<;J^*r r I g>x » '>~- :> « 

Pt H*^^KPTh r P^PTH/'PTM r try-/>0«<ti:^«Afr 

f /J<4Ultl -£PVMI-fr7 'J-tJliH.'Cl'^nSW?. FT H» PTMl-e 
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-4-1? i> i »w*. St. Louis, HO) 

ThK;7*— *0**;»lL7PTI1i«*fc'„. 0-^. FTIIAcAMPflt! 

t 4 tjaj!*ft:TT 3*; . Afc* r th - ; > =»= * i- * aa#ft *. 

C**. PTHH:^* <T,PTK«ttfr£*£C**** 4*. PTUCCJt 

pthh?* rn r r .•; htii/pth i 
AVfr&utfr*2fai. *'-'4>fc** bi%. Pi*** 



ft US7- K4 *9 <.»>| . U > * » * '» :* . » •/ T 

,KU t» /-wJf X t i «»X * A 6 « * * ><. T'l-O * > &.G4S A ft .'i ✓ * 

miS<tf;/w his < * 
fecaA^4.i.«9v»i*e. **yw)pT f THrr?v^-» h 

tfeWt'^IfllBftC.'Bi.tX. PTK»fc:«iiPl»r Tn:«JJTv€. m 

KMBJt-i v - p r b> 7- r<a n^Jf-l H -aftf 7 y 

«_:tf>J?MnT-»P-Tris. «a?*5 <Aua« be ) et *1. , 
£jUJL».ti » I. « <• it I u J ri M<. I ^^^i L* r B 1 ff Lfa 

r;rf* an ?u » » At: X b ' «u rn*- 9 -L^kts ft* F r H uq 



Pro*. Noll. Sd . iiL; i<!»5-:<fli>. 

*/->4SK^ftW<:i^<. Pf H**i«aPTH!f iyHHW^evat 

'j£tt*»+.t&fr!i*- C«X->^H8Ct. PTHto*l'*SPTHrP<*J«ti*l- 
fit. PT « Atftt^TI! ^Poftei: ft I (fliri. xi^o 

* ft. ^.0 (fc ^1* * 111 \ • t iif#LT<>I 

6ci?*s*$-*«»a i'^ufc^ r. wafl.i t^^i- 

-;. >:'-AhsSf2*i**i«c. A Sir if: r 

fix* . watt** f « n& .- 4 A »*, 



nap r«r ^^tt»%>ati«9«rAi -»^/i.tf)»a»*6mjn««w)-*4. 

AffOAK4^>!l. C*JPTftjf*f^*!>oP7J!PtV*-^ 
t«%«.F*^. y 1 H^PTHr Pbja«tt**ak«mrN. 

«MtSd )t L* friart^oj./, niH, tf? inline d * 1 . . 

\t. a. ****** }* 0, 4G3c£«mAi. cr.xrtt5^LTiCA 

BlJiflXl*** ^rlKffloCX-H. OK-O^T?Kl SBP7H/PT»»Pr.- 

* r* ~fti<iy«i9^if*rtu. p 7 h ^eo wt - toiaiiOHit -» 

WL>, 1 • y ► -J. 1 /.**JB^*JII « ft* ? ->c«i^i <l 

OK-KIt GK-6««t«ne 1 ft «in?I>7t;tt*«^<:c?rtl 
Ti-.fi, *««w«r>if«itii:iq,Tar7itoA«»8*ni«T. 
AtfiTTis/PTBrPUT 5 '*-:**-*^*^- ZASv^o-i^ ^<^* 

ur( a/P I H r P L - / Jr-s-^^f 4C 5, Ctf>J t«. 
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ISO. 

TCK - ? - } c?Tiit/tr7-&:.'tr*fcc4£f*<:e£ | di«** r.*s 
*rrsA#>:;f»h*<>ft*. uiani'i hut Ni*6***» 

FKA*cK?rt-4- a??fc ^C-JL 

*Kicitoi^c<*HaL<i«a *t 



mAX5££i >ntmfi-r 'i-***. 



C j ft o V. 



Al o U - r> arm r a, J»b0d«l-8a<ii 

Fo ( 1 7. John T . Jr. 
$&*hip*ni. £rne(tia* 
Hi) 4*>r>**... a *.vi't r t>* 

<ilti . 2 

< 1 J) «lattX 

(A) Ti&h ft BicKcrdiffn 

|0> i: U«M I.U N K l t M 

U S A. 

(Pius's 

< B > r* t J — y ! IBM PS/2 < ^» fi OZJ) Ac*CC S * X 
<C>f(fe*.. IBM r . C. DOfc l'<-s?a^ 2. 30) 

<vi) flfcUXKS^-* : 

tv 1 1 j udMxrs*. ♦ 

<6> K/iBK ~ 

<s>i i i) A /ft<l : 

<0*i; s P»nl t. eif rk 



let ^; 7— ' : 



a o, i « z 

(CI 71 5 c2-80»« 
Jooini 



} vCcvtKTc* cvourtDr «mncu;v7» 

«XCD»WT C'P^WC WXM «Ci «* <0C UW 

hi: en T a\i *«• M| !)♦ 



W Kit £w La. «3« U- Mb Mm oy« kf v»» bar S«r 



THficiCTemQICmC M CM (tt^fKM) (MMfvwvw ait 
TM Kll Ml »«» /*T Ali '^M7 »Jl «rt «U <rr CSV »t» 0«l n* 



ii» u< Sr»* fu-i »ta M« u& M» Ut c/a oik £^ Xrj MV I4« 



m(m<iuiht»< *rr iji fcar» #w as* cii ir« «-* #*» 
%> «v n 

S^i AM 0iM OIu Am X.-W 4\» V^J *tr AOJ A« t«r i^a ♦in **r- 
t.ir n»> Cv* t«i 9c* su Aif io* l>* «»i <>• r*> N* M»C'T 

IK. lit 
(ft CP: Q96 *>C C!e CfT «3 «»t- »C TO5 «5T CK TIB ?W »0 

c*1 i«o «Jr c«« «•( iu§ v*l rrc r»v »»» tjtt st* »»» 



= CCA «RS TAT OO* C 
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Try Clw m m* *lf kw An *rj Tk ftp >i* ft* lyr «tr 11- 
WS 3«> 



o*(Kflw;.»at immicugk L'* ire «< i« cu «( ice «i 

A*q &■« «j 3 A* ty/ J he *ml tlf{)ri4aa<UilM E«r 
»> 1M Iff 

CW At* CfO OCT «W MJ 4ft CC? ?t>C Til AO* Ttft Of TO* 1*1 
l« Uw %il Alt l«J l>» I.M 0»y ">V» **+ **9 W« <V 

5M :« »t» 

Shi tan *vr JJk «1A» Mt Ki» UHw^I ««* »!<* S« C«. 



K» C»T «»4 «•-»= tMtft(WVC«KCM<Kfri *%C Tft *** *** 
MM>CU «L* sU W iA* fM <««. L*» U» *« -si* 

as* as* *» 

■Ac «rf «ns act «og «vt IT/ «SV <*« ?S* *«* •» 

fc^- »c »;« f»U»^Wi Hi 01, ft* U> t|l» **« *■* 
m 130 ITS 

M {m Ul In In %r« #ta <a*r 4wr Aart T>r tpr T»f A* In 
JM »K> «A 

ore cm esc c% x*r rtf tts net cic »ic wc *xs tec tit ttr «er Ktr- 
Hi w c T tvi U« XJ# ru- mv iu rn km »x» *** Nn N> 

w) >•» »» 

ci* Ira v-i Tr t*» 3t i": *** r« in *rr <ir t~ r- 

o:c <s cm ok <o w (« o» we w <m w cx «t mc i:aa 
Al* «%J *w Ai« *>J f n> ¥•* Tvr *m Jcg T*» «« »»* 



JIT W*«»^ mc Mr TV W Mff «M KM w« «m »■ 4i?A 
*»/ Vl» «l m M(lfl Iff **f Sly »■ V»l lf« «» »♦ 1* «** 
M| )|0 «tt 



«W «0Q ITCC CTS CC» «<T »TI €JC UC XII mil W JK *CC JUC- U*1 
«•! 11* Mi W A» IU v« v*l ~iu Jtm: XIk -Lev fi* U« Ai» 
9*0 I« a»» 

ATA ATC CX PCT ICf MM «C ISOf. CJJl ICS *W CM JWi 4JIJ 

i •* J i* «a I.U TCf ir» t«* AT« eja i#r »■« r-iy i>; 
!H J*0 !* 5» 

W caC AM Mfi Ct* fl»* t hf Mft \W W <T» •>« fJf >«0 5TH V? Wl> 
«j» Imp -Mil Xr- Clx ♦»» A:« L,»U.iA. t/« aW T«r I A. «kl 
■>» 4«G «i 

«*C W C« *TA T»7 CK <MC CK t» 5 W <W fC «*S ««C SSI* 
U» ft* •«* »i» **i It*- »i| n~ W M» w» fr» 

»IA Ut *V» 

t«j6»«»***K»«3tff:iatii»«uni;o»«!«:TH«V V*ll 
tvf ttvc fl^ Vm 6k- CI, il« Uu. T r» •!» *-4 «|A x«: Km «M 

43 k *m 

azb oc tit mi xc« nc «sr. ;tr 7tc eir ccc »u m lie i« i*» 
■t: u« #m am ye rKr c>a tjy fit tw ui aj* *j« it* rtt vgt 
440 »tt l<» 

9K Cyi A<« Clf d« i-Ai Cl«l M» Cbt Lii lj» lg< 1*= Xt» S«r Arf 
IM OA A<> 

f^cickw *'.« Lhv »«• n*.- iw kiglw M* <mt «•? «>ly Svr S»r 
*ia ««e 

AOC £*C *AC W K4 (Of i» •» PO. ASA AM CM JCC J*» fl« ton 



»if Af» As« *!/ CJj l» °*v •» £<r »J* few A»p 
»0> >« »l« 



40CTWACC notWSVktf ITftASOAC WWAW «0«TTW l"? 

! TCiKWCCT CA:CMC(OC AiJKkSCACiC MK hM i X C ACKAIKIK lT»i 

: KAcrixm utcunrcvr iwwoc rccccycnig iwtwaosa 



C 05CCPCJ A16 S» COG CCC flCC JU 



TV err ocr th; <fV t;c i« fcr c« w ml ^ 

«e: >U 9*# 1*j »U lo« it* »/» <»* >** *" <*i 

x» MS M 

TAX ««« CK K?; SAX «CS ^AT CAT (XI AZA ?£l JC Uf? I>T «f W IU 

Tps id icq m Bto ru h>p *i> :w «b h» w% c;a ii* 

« » » 

MI CT7 CT6 CCC AAt C!B *AC «« <W «CI <M «B C«V W AAA «B l« 

L*i i*j am Aid «a« Al* rt» cy» tti <H *m wt 
4» « M 

CTC AW UTC OC1 CAA C7T OCT »A Ttt OCT AM CAV W» W TZ* W1 

■411 U> Avg va it« Ct» Mi AU ct» i£E ill ly» as? Vp »« 6w 
h m *$ » 

*« 7CT «A !*& ICft JKC AAC <Mi UU TO OCf «0 AlJt OC? OX ^< 

An n*4u U« tw tr* ^ <l* iv» >w » l < It* l^tfr l>r» 

91 ID) M 

■SJ« MiU»CWIw A>f M« «»l ter >v» <*9 fctf R«« t*- «»» *^ 
*9 *> *«• 



«ce t» ?w ct> Tfi <%e v-< » T r«i«f whm««« 

«!/ *»• c r » w»» m« all. r#* »M mm ill v*} ryi <J9 t«» Ala 4t« 



ne <ic «ce am cic w «ct vn ccc ks cw »c zm ««• e*< 
•At rte «i r Aa# TAi «ti au t*i c ; i rr» ryf tj: m* 
lis •» i» 



TTC AJttS ««5 W5S 06ft CSC W tt< «*C TCT '.V ACT Wl C«C W M 1 

r»- iya ciy *i* *r* "*r •** >«" 

aJk *<*> »»<> 

t«« OS CK CM CCt OA AAv *>3 W AVA 1VT AW t/T «M I « 
f ■« Cfel L<JL # *l >ca «t| Am Ait M 4 t'< TTi» »a ma ^>r AW AU 
US ISA (Gf 

w cae us TtT e?a asc aa£ *« «* tse t*» aat saa «ts r?f <*> 
ctm »*i tr* *»* u* Hii »w <i« mar a*« e;« ass <u* tsi »m> ««» 

119 l?» Ml 

occ c?e oca £X> tkc act crc «f nc w «« w « cw w <*i 

, i;» Tyr t»c V> Tyt «♦? li* 4 «*f t** Mr 

Ma. A*ft -Al 

l#« «v f»L AA *d Ln fl» U» 41) Syi IM Ar-» I*-; fees <iv Cj* 
>X 2K Hi 

A^S Offt AW T** KCT AW 55** CTI TS" TT/ *¥■ CJTS Of5 s#? 

fl/ mo T^ II* AU lu.lt Ia, P»« HI 1« H» iw Lei Aoj 

ili us a» » 

«♦ VC» KK «C nO MO A»C ««T «I r% •»(■ TC4 SOC C7T »CC S» 
*;« V|i Stf tU lT» 114 «AI MP AlA tJJ VSI Tr* l«r «>f «*1 Af\' 

u> 

ATA CV SM W S»f P« AW CAS K»S SAC <« tOS S^C ▼« SOt ♦«> 
t»/ AlA OMi IU 5J* l«»5 l*C T"? Vl» «iv SM Aft. **» AXi »A* ?ir 
Jflt> «i «•« 

C*C OCT SCC CVT CZT CK AIS O0G CvT TXT SSV ICC ASA VTC PCS *i» 

Chi rt» fto *o» aU w|> t>A aIa «%> ror vtl d« Cr» 4?o V>» Ait 

M& BM) m 

CJA A9! «X *JS OT» TV XTC OS AC* ICS AAC TM* 1ST W ASt C5C 
v«l ftir MM tlA U» T/S «* CAw TAi M» H» t/< «Vi <ri ||» 
Ua £4f S*2 

4VS 4AA SBC « «Tf CAC AM »f* W At* <C5 W TSS TTT 143* 
• *i CM«HJUKr«rtes«iiSrUii IU r*i ort Mr T>- »f» B« 



M «u iAt 'jif ckww wc « m w<« « (n «r>i 

All Art Art tjJ 1«J X«|j Ci T *w »«a Itw «r ?r|» <l? f*i» 
»i& MS 

Ai< MlrM^^rut-p %*l tm vj. ^ ^» i« O* 

>» >Jf »« 
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»c w vk -ax a* nsv vat aco ui vu kv> its kz Kti uvi 
TW c*« E/» Tip mo U" «' *•> cS> MR i*# fcr» £j llo «u 

>■« J I* l«j JU.» Li I>« «t. v«j u» ir* U-i IH 

io ;« 



tertsvMDMtMMMM^wiocTcrmnt TAT CM 17» 
iiiuifM L|a *ca u, r 7f uov Mft^iy vtt c;y u« "^'p* 

oca «w ■*> <** <Cc OC' trr t7t wjc c»* *« cm jmj 

»o ^* »■*» niy <*• c« ire >w i'i* t*v vlv cl« cU ci* 
c*S MO 



W» CA3 %«■ M«C C»A «*• ▼»» 3<M W AAC *KS *OR <rr* «tc 13l« 

«T» KV TW «lH «i» *M l*» V- *~ ^ *~ **" *~ J*» 

y»'j *oa 

CX Art ox rrr *w <w <uo ut ail cj«j to <r~ aw coi u»l 
Um «; tow uv »« cl: t*i aa it« :u *u rhc r.is m* t*« ?r0 

«U «JI ♦» 

wr ms cs» cam tct. aw. ir itt tc; ca> o*c <*i* wc «* «** 141 
tft tv tM *i Mr Ci> »• I** tty «u vn cm ate in. oyr 
*K Oft «W 

1^ CfC 7TC All TC* TTC CM CCA TTT ITC C JI CUT 31* KTP. TMT TOT 1*7? 

mm *a r.» **> *r» rt>» oil sly rtt Vyi u* do >M?v-<5r. 

fit t« m? os* cm en. *JkocA cm ttc A* Ten iw if*^ 

P» «T» ^ Git C^i «W «l« *!• Ii» I** Mr* »r» >"i 
<U AK» MC 4"« 

wk:rmc«:mAC^iM «t c«c »j» *« **♦ 

Tw?*rV^>i-l-M*M. I,. *.w i-r* * i* k.<* «LV *** **» 

«» 44» «: 

AM TM! «< «.< »T5 «W »CA *>7 X« %Cf CTC »T «vi UTJ 

Tie- W- TV, «r* »»l *** W «*- **l -K - *** 
C«0 CM 50J 

MA €« OS* CCC CCC CCt «CT fTC *t# OTP »4i B«T «=» »» WW lt " 
<»» ."n V" *»/ *4k t«v r*o «^ m% »?» 

*J« « 

oto^ n^^^MiM ete tb> «t ps« tit <»• »w 
c:v i»g g:y |f« ii^i »3M» cir »:»■« aui «* ttu /to oJy »j 
&io :z: sw 

U; cir tcp «tt r* tui »» CMOS* «* 

L^l Rn C.J Str )ii Mr Clr Vcr kfv »?J 8c« 3]y >M> «« 
fcM MO *** «• 



13) '-jsos-: R**^ 



«cocgc?u <M<«c9M«<*4oc<so»foccAoeea£e<?oso&C7C 

a«-. til JLU At* TU Kl M Ir I* lU 1*1 
I » 2» 

c?a esc csc «og om o:c motjc <xk nt «« ■*> o*r ooo 
i«> <n cri ?t» ««i sa« dm «*f *»■> At* 

n js 

am My »»5 >nt ths W «*■ «l» l« *»« »** xt » 

jo n « 

«.-« <xv M «M AM «M COS MC St? JYC C%C »» 

Ots AU (7i 1 7v iw W ^' *** 

•1 7<i *s W 



c^iU«mavW* cj» t** rro «w «»-• wr «.jf 
•i H *» 

*tC COS flOO NUL Ml MC 005 VCT If A M*i ff ft >M CC: CM HI KM 

c»< »co M«LT*4>t» ai* «vr fc.r i?t >=» M.fl 

•e « 9v 

«m am mo «e <*ac «? xac coc *cc tc. «; »* C0« *st «c 
ci» >y ir* »<o »"1 p f» c»r »«.' t/< «»a f-» fti »»s »™ Cf 



cca oM *c« to «r» w »» om ck? fM *rs o« ?c< cac 
t«l K2* Jw> Cy» **» Mv V* *** *f» *•» *^ ■ ,a " 

m i» i->> i*« 

MA MC OS MI >M A£N OCC It! CAC OSC MS <CC K'* TOO IM CTC 

it» My ma fc2* :r» m« **3 Or* My Md al? «Cj ttp c!j ^a: 

1*9 l» 

ct^ oct. ecc t>^ Mr: c « mc IOC <<« a>« s*c <*« *** 

«#t no cl» M* l«« Mc Tip fro M* iy« *^ «*• **« 

|CI- Ml 1T> 

fM mm. w ma AU C«w: m> Cl. A»x Cl4 tr»l iK Aiy ley W» 01? 



»M ll« iyr tk «|y l lr Cm *»•«• 4*-* *1- *^ M * *** 
»M 1« 1» 

Ctt <CT WC MC- t« t:» m W « «K W «P« *»« 

1>« m It* M« VA 1)» *M) *r«. V0» ■<* «j* *«* *»! 
IDJ 2IO its. 719 

:MATCCM035C*0*IOT^'S3»TS>0TTf«tO«»»C«!MCCMAaC 
T>« IU JU# IM* RlO tt* L*M MS fft- >t MS At* All Act 



INKH^^MPrll^Mm Mf 



M* «• Ibt In fM OHr M- Pt- rl» M* M» %a> 



•St MO <d OOf OC* SAC OCC C*» OSC 1A{ 0C- «J 151 <** KV •« 
rr» »s> rr» »u A<A hkA AH *v iu cyi A<f AA* 



cn: kce itr ---w «*: nc m OG 6CC vwari«fToe«TrK '.r.- 
V«! M M fni In M C.M Al« ^ »••* t.'l ,J * 

;k> 2» ll » 

CW CM VCA COSj SfiC I1B CAC /CT CTC .".10 3T6 tfC COO CTt TTC TCA 
»M C!«91y M« 9Jf< E-» Ml «lC IM ISK Ml flJI »l* MC . 

M» )f. 
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4*» Ufi AM IJlf IM PGA fiCft t2C ».TC TT.» OTP *0V CXI CTA 

♦Ia l** i«w up *i> w i*r 'r* o.y t<> ci- to* 7»a 

lit ilfr 

ccr ctc %Tt ctc cjt nt ?k e«r «j t»c uj uf aa: 

<kl> W.I Pm Vil 1*1 7k# »jl «t Vkl >7f U» ffta im AJa Uft 

JU >•» :« 

(MT»:*et« Cti nc qc 7K««CU W( «M W JIX U( <U 
Jttt VJY C>» TT* A»P 1*1 «♦* «»T Htm if* Vfr **» 



n: Pficax =.t: rtT «5f V* «TT Or; CM W MT <« «f l« 
I Jo JM Mo tUl Ia- M» tt./ ty» AjQ tt* 1*1 AW <Jkf ■#! 

M£ MO »» 

X7 or ok aw a; ;k t« ow »m ra «t *m t« Mt na c« 

N^W A/fl «U» Ul Tj* lr» t)B Lsk In An Jt/ »r Mm *«l 

•oo <.» a» 

ex cca res cr« m «w etc cm ?m mc *rc ~e *M «* ?*■ c» 
lw v« i<m dt* m en ««: taf f?r v*i M* «w am i« »« 
*:& M1 

T>1 TIP Clc W) KM 41/ Tftf fit* Tip «J> I!* CJA KM *U Tyf CM 
1" t» *« "* 

K»or= 7rL ur icr nc c«c «ca is 7f7 cr? cw ire ««c»v 
h« V*C MA A* rr# «r ** <%t 4J« lU lit tr* <Y» 
|M «6 

m *cr «a «f <m cn cm sex am mi am am ka aoc «x 
et« Mi Cly *Vi v»t «» O* *1* f to A2< I, a Mi «r> *»f 
<*» A"* < T » 



coc mx *co mi c« cm k< «U «i ac: csc c*7 ccc *M oca «a msi 

Am T*' Ita tetUf liM **€ 4)n >r° Cly Ul» «M 1m ft» «X 
110 >M M» 

fcIT DCX COO" ICT CM ACT CM Ur 9Vk OCk CZL Mr ATC CCS CTT WT J7<» 
M> f» *:# Til CfJ TAr Fit IJr uM »r M<H JJ4 ¥»! 

MO 

w« m <»t w cr? KiTt:?Pcittw csv «»t <*w «m 

Lyu MyMfPr fM M?> tlf Ml Ojf» Mt O'v 1«« Mr 
9*0 MS 

0(C WPO «Q TCT oon «W 00C t«7 C=k r»« TP» "»* *«■ <** 
AJA Mr W <«" *« W» »f* wsi ««« «ly «*• 
KM M» >« 

HMCKMt, KMSCSC* CMSC&GM? AAMe;««X« tCIQSOCKr. -»•> 
ZM Vll ttot 

Tts»e«wrn r.MTJhMW OMitrac ocwonKR wrwwai cxckcmx 

jttCWAACO MflHLWK fUlCH»*9C Ak'fllCM>k CMSKMCM 2R> 

^mimmm flrrweiCM nocrax* xomuc <»itc t«i 



: T r r w +4, m Mar. vji ra t: 



cca see an <«. «ia cx ac< <*• « r«t- av ««< am <jc oct «> 

Vly »nM:Al*6i7lK 5«r Lc>- Ma Su *c» Mf :« M» 

vja in aac i» 



K*»iA C 4 fcfti J-.*" O » « A55?!i »n < ^ 1 r H tf**^ SCi t 
)0. €S«i«!t!i!«<9A«Ft^D>IA^?4r*«n< 



A»ATCC^aat»fiftS70ttVATCCtS'S5»fcfc^>.> 3 . ► <«* 

&«»J:«-ftXi:<:A. 

6 ■ 1 *UlB4r.t*^*ie* iviDBAtfiS^t, i«s:i>n A«?aWA 

4 0 If A . 



ON A« 



7. a«.«(jjwi;ft?n*ci'%#Ai<!tt£DNAr^3X, ni^bNA«ot>^ 

* S Aj 
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!C Sfcfc*#*it»^ oh ma? ***i2M* 

*K*4*>H'-*$_i3fc**f J:**jU>Jk *«I>MA 4 

17. Bifl I 5l:ie8#*-nft-*tfONA?*>?. m^SM AMUir 
•£ L- < HA £ f * *<e 0 H A v 

fiid 'Wy« < <: c- 1 J' -t+ * tw** t em*t-* * *tfo 
ewaut *-*mdwa. 

**Tl*J > u tr-s--, 

f *-©•* 5 ft en van c «4« 



2 3. £**U3cM6att>£*V ^:^|-:ft->t * 

U) r.NETRJERIV FDR LGM I i TV<j (ANIVd , 

<bi vivscf tlscabii.tr ecu amtfqi). 
(*:> * t kk i. v r l atntt w; i ■ w C q, t««c* r t 

<d) V— R*TMM7liCWHL$S0HKKVl **** . 
<e> f YTeyS07L*QIQK}i mi <BAfc59> . 
<I? P0VFTXBIO7?UI.H*-M>A (KflI4 14) - 
C C i Pl'KLH^ TRNY i l>. 

A* 

r t > tr, (ii ■:.»*u*«:**HK*XAt'M'«/*i'- 
a ft. £ Tv'6J«t» no *-*«(f t a*i/r*?* h at* t*<tt;J&*« 



^ ?■ f t II * l 'AH * A > ^ IWEIC £i « fc * tt * * A I t . 

A ifcr $(g»* ft I i HlJe-t^-^t l j A *X/J £ ^ 



3 3. H*ftftl*/***-U<y*-"'.*j«Sfct|ut. K N 'V****>tmD 

# - oj 14 a t a uttutt ft <>ic> a * i m *i if 5 axsaiq att f ate ^ 
aM^< 'M- >jP^.yfirt:.'»-?-:'^" j ^fl!» AW*i»t *.• t-«7'>~%s 

- ► .^ONAKJlifl^^ON A^t»J*C«< c.Cfc«r**»ftCt 
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ti> w Afle«*A«a»^»Er a««r u?^a v-« =. * •>** ^ atife^ 

- *>± KIWI T H C «:? S Ml'/^i^/itFai.QrtC 
^ y Will £«<S?*3 3KBi«A' 

3iji^*A*^«U<tf?J*jt$«i!»i:ia«k:j: MWrvtf ****** * 



r t 1 l««4 

« » ar © ;v * ^ i? t < * *».*/> -;.«<affancr w** ft 
'"•tzfeft** <i«*v>6«» c i* * v&4ic * $ \$ t * * * t r 

vttw » jv * y w J3 *• ph c « « awtoft w * a * y i> * t * -<? <5ir t it 

4 S . V5 ii^* *WttJR.* .v * f i« a » * <ua * A * > liU S 0 ; 



fete**. 

45.*aC*»*BI1' US* * <> ft i n«W^.I>*t > Ktf CSrt^U X 
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PARATHYROID HORMONE RECEPTOR AND DNA ENCODING SAME 

Background of the Invention 
Partial funding of the work described herein was 
5 provided by the U.S. Government, which has certain rights 
to the invention. 

The invention relates to endocrine receptors. 
A crucial step in the expression of hormonal 
action is the interaction of hormones with receptors on 
10 the plasma membrane surface of target cells. The 
formation of hormone-receptor complexes allows the 
transduction of extracellular signals into the cell to 
elicit a variety of biological responses. For example, 
binding of a hormone such as follicle stimulating hormone 
15 (FSH) , luteinizing hormone (LH) , thyroid stimulating 
hormone (TSH) , and chorionic gonadotropin (CG) , to its 
cell surface receptor induces a conformational change in 
the receptor, resulting in the association of the 
receptor with a transductor molecule, the stimulatory 
20 guanine nucleotide (GTP) binding protein, a component of 
which is (G g ) . This association stimulates adenylate 
cyclase activity which in turn triggers other cellular 
processes such as protein phosphorylation, steroid 
synthesis and secretion, and the modulation of ion flux. 
25 Binding of other hormones, including arginine vasopressin 
(VP), angiotensin II, and norepinephrine, to their cell 
surface receptors results in the activation of other 
types of GTP binding proteins components such as (G p ) , 
which in turn stimulates the activity of the enzyme 
30 phospholipase C. The products of phospholipase C 

hydrolysis initiate a complex cascade of cellular events, 
including the mobilization of intracellular calcium and 
protein phosphorylation. 

Parathyroid hormone (PTH) is a major regulator of 
35 calcium homeostasis whose principal target cells occur in 
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bone and kidney. Regulation of calcium concentration is 
necessary for the normal function of the 
gastrointestinal , skeletal , neurologic , neuromuscular , 
and cardiovascular systems. PTH synthesis and release 
5 are controlled principally by the serum calcium level: a 
low level stimulates and a high level suppresses both the 
hormone synthesis and release. PTH, in turn, maintains 
the serum calcium level by directly or indirectly 
promoting calcium entry into the blood at three sites of 

10 calcium exchange: gut, bone and kidney. PTH contributes 
to net gastrointestinal absorption of calcium by favoring 
the renal synthesis of the active form of vitamin D. PTH 
promotes calcium resorption from bone by inhibiting 
osteoblasts and/ indirectly, by stimulating 

15 differentiation of the bone-resorbing cells, osteoclasts. 
It also mediaties at least three main effects on the 
kidney: stimulation of tubular calcium reabsorption, 
enhancement of phosphate clearance, and promotion of an 
increase in the enzyme that completes synthesis of the 

20 active form of vitamin D. PTH exerts these effects 
primarily through receptor-mediated activation of 
adenylate cyclase, although receptor-mediated activation 
of phospholipase C by PTH has also been reported (Hruska 
et al., J. Clin. Invest. 79:230, 1987). 

25 Disruption of calcium homeostasis may produce many 

clinical disorders (e.g. , severe bone disease, anemia, 
r«nal impairment, ulcers, myopathy, and neuropathy) and 
usually results from conditions which produce an 
alteration in the level of parathyroid hormone. 

30 Hypercalcemia is a condition which is characterized by ah 
elevation in the serum calcium level. It is often 
associated with primary hyperparathyroidism in which an 
excess of PTH production occurs as a result of a lesion 
(e.g., adenoma, hyperplasia or carcinoma) of the 

35 parathyroid glands. Another type of hypercalcemia, 
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humoral hypercalcemia of malignancy (HHM) , is the most 
common paraneoplastic syndrome. It appears to result in 
most instances from the production by tumors (e.g., 
squamous, renal, ovarian or bladder carcinomas) of a 
5 novel class of protein hormone which shares amino acid 
homology with PTH. These PTH-related proteins (PTHrP) 
appear to mimic certain of the renal and skeletal actions 
of PTH and are believed to interact with the PTH receptor 
in these tissues. PTHrP is normally found at low levels 

10 in many tissues, including keratinocytes , brain, 

pituitary, parathyroid, adrenal cortex, medulla, fetal 
liver, osteoblast-like cells and lactating mammary 
tissues. In many HHM malignancies, PTHrP is found in the 
circulatory system at high levels, thereby producing the 

15 elevated calcium levels associated with HHM. 

Summary of the Invention 
The invention features isolated DNA comprising a 
DNA sequence encoding a cell receptor, preferably a 
parathyroid hormone receptor, of a vertebrate animal, 

20 which receptor has an amino acid sequence with at least 
30% (preferably at least 50%, even more preferably at 
least 60%, and most preferably at least 75%) identity to 
the amino acid sequence shown in FIG. 3 (SEQ ID NO. : 3): 
i.e., when the closest match is made between the two 

25 amino acid sequences (using standard methods) , at least 
30% of the amino acid residues of the former sequence are 
identical to the amino acid residues of the latter 
sequence. By "isolated" is meant that the DNA is free of 
the coding sequences of those genes that, in the 

30 naturally-occurring genome of the organism (if any) from 
which the DNA of the invention is derived, immediately 
flank the gene encoding the DNA of the invention. The 
isolated DNA may be single-stranded or double-stranded, 
and may be genomic DNA, cDNA, recombinant hybrid DNA, or 



WO 92/1 7602 



PCT/US92/02821 



- 4 - 

synthetic DNA. It may be identical to a naturally- 
occurring, cell receptor- (e.g. PTH receptor) encoding 
DNA sequence, or may differ from such sequence by the 
deletion, addition, or substitution of one or more 
5 nucleotides. Single-stranded DNAs of the invention are 
generally at least 8 nucleotides long, (preferably at 
least 18 nucleotides long, and more preferably at least 
30 nucleotides long) ranging up to full length of the 
gene or cDNA; they preferably are detectably labelled for 
10 use as hybridization probes, and may be antisense. 

Preferably, the isolated DNA hybridizes under conditions 
of high stringency to all or part of the DNA sequence 
show in FIG. 1 (SEQ ID NO, :1), FIG. 2 (SEQ ID NO.: 2), 
FIG. 3 (SEQ ID NO.:3), or FIG. 6 (SEQ ID NO.:4) . By 
15 "high stringency" is meant, for example, conditions such 
as those described herein below for the isolation of 
human kidney PTH receptor cDNA (also see Current 
Protocols in Molecular Biology, John Wiley & Sons, New 
York, 1989, hereby incorporated by reference). Most 
20 preferably, the animal is a mammal (such as an opossum, a 
rat, or a human) , and the DNA sequence encodes 
substantially all of the amino acid sequence shown in 
FIG. 1 (SEQ ID NO.:l), FIG. 2 (SEQ ID NO. : 2) , FIG. 3 (SEQ 
ID NO.: 3) or FIG. 6 (SEQ ID NO.: 4); or is encoded by the 
25 coding sequence of one of the plasmids deposited with the 
American Type Culture Collection , (ATCC) and designated 
ATCC Accession No. 68570 or 68571. The DNA of the 
invention may be incorporated into a vector [which may be 
provided as a purified preparation (e.g. , a vector 
30 separated from the mixture of vectors which make up a 
library)] containing a DNA sequence encoding a cell 
receptor of the invention (e.g. parathyroid hormone 
receptor) or fragment of the receptor, and a cell or 
essentially homogenous population of cells (e.g., 
35 prokaryotic cells, or eukaryotic cells such as mammalian 
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cells) which contain the vector (or the isolated DNA 
described above) . By "essentially homogenous" is meant 
that at least 99% of the cells contain the vector of the 
invention (or the isolated DNA, as the case may be) . 
Preferably, this vector (e.g., R15B) is capable of 
directing expression of a parathyroid hormone receptor 
(for example, in a cell transfected or transformed with 
the vector) . 

In another aspect, the invention features a cell 
receptor, preferably parathyroid hormone receptor, (or an 
essentially purified preparation thereof) produced by 
expression of a recombinant DNA molecule encoding the 
cell receptor. An "essentially purified preparation" is 
one which is substantially free of the proteins and 
15 lipids with which it is naturally associated. 

In a related aspect, the invention features a 
| polypeptide which includes a fragment of a naturally- 
occurring cell receptor of the invention. Preferably, 
the polypeptide includes a fragment of a naturally- 
occurring parathyroid hormone receptor which is capable 
of binding parathyroid hormone or parathyroid hormone- 
related protein. In preferred embodiments, this fragment 
is at least six amino acids long, and has a sequence 
selected from the group including: 
2^ (a) TNETREREVFDRLGMI YTVG ; (SEQ ID NO. : 5) 

(b) YLYSGFTLDEAERLTEEEL; (SEQ ID NO.: 6) 

(c) VTFFLYFLATNYYWILVEG; (SEQ ID NO.: 7) 

(d) Y-RATLANTGCWDLSSGHKKWIIQVP; (SEQ. ID NO. : 8) 

(e) PYTEYSGTLWQIQMHYEM; (SEQ ID NO. : 9) 

(f) DDVFTKEEQIFLLHRAQA; (SEQ ID NO.: 10) 

(g) FFRLHCTRNY ; (SEQ ID NO.: 11) 

(h) EKKYLWGFTL; (SEQ ID NO.: 12) 

(i) VLATKLRETNAGRCDTRQQYRKLLK; or (SEQ ID NO. 13) 
(j) a fragment (i.e., a portion at least six 

residues long, but less than all) or analog of (a) - (i) 
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which is capable of binding parathyroid hormone or 
parathyroid hormone-related protein [wherein "analog" 
denotes a peptide having a sequence at least 50% (and 
preferably at least 70%) identical to the peptide of 
which it is an analog].. Preferably, the polypeptide of 
the invention is produced by expression of a recombinant 
DNA molecule or is synthetic (i.e., assembled by chemical 
rather than biological means) . The invention provides a 
method for producing such a polypeptide! , which method 
lip includes providing a cell containing isolated DNA 

encoding a cell receptor of the invention or receptor 
fragment and culturing this cell under conditions which 
permit expression of a polypeptide from the isolated DNA. 

The invention also features an antibody 
(monoclonal or ppylclonal) , and a purified preparation of 
an antibody, which is capable of forming an immune 
complex with a cell receptor of the invention (preferably 
a parathyroid hormone receptor such as a human PTH 
receptor) such antibody being generated by using as 
antigen either (1) a polypeptide that includes a fragment 
of the cell receptor of the invention, or (2) a cell 
receptor of the invention which is on the surface of a 
cell. This antibody is preferably capable of 
neutralizing (i.e. , partially or completely inhibiting) a 
biological activity of the cell receptor of the invention 
(i.e., a component of one of th^ cascades naturally 
triggered by the receptor when its ligand binds to it) . 
In preferred embodiments , the antibody of the invention 
is capable of forming an immune complex with parathyroid 
hormone receptor and is capable of neutralizing a 
biological activity of the PTH receptor (i.e. adenylate 
cyclase activation or phospholipase C stimulation) 
Also within the invention is a therapeutic 
composition including, in a pharmaceutically-acceptable 
carrier, (a) a cell receptor of the invention, (b) a 
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polypeptide containing a fragment of the cell receptor of 
the invention, or (c) an antibody to a cell receptor of 
the invention. These therapeutic compositions provide a 
means for treating various disorders characterized by 
overstimulation of the. cell receptors of the invention by 
their ligand. In preferred embodiments, the polypeptides 
of the invention include the PTH receptor, fragments of 
the PTH receptor and antibodies which form immune 
complexes with the PTH receptor • These polypeptides and 
antibodies are useful as diagnostics, for distinguishing 
those cases of hypercalcemia related to PTH or PTHrP from 
those which are not. 

The nucleic acid probes of the invention enable 
one of ordinary skill in the art of genetic engineering 
to identify and clone cell receptor homologs or cell 
receptors from any species which are related to the cell 
receptors of the invention, expanding the usefulness of 
the sequences of the invention. 

Other features and advantages of the invention 
will be apparent from the following description of the 
preferred embodiments and from the claims. 



Detailed Description 

The drawings will first be briefly described. 
DRAWINGS 

FIG. 1 is a representation of the nucleic acid and 
amino acid sequence encoding the opossum kidney PTH/PTHrP 
receptor clone, OK-H. (SEQ ID NO. : 1) 

FIG- 2 is a representation of the nucleic acid and 
amino acid sequence encoding the opossum kidney PTH/PTHrP 
30 receptor clone, OK-O. (SEQ ID NO.: 2) 

FIG. 3 is a representation of the nucleic acid and 
1 amino acid sequence encoding the rat bone PTH/PTHrP 
I receptor clone, R15B. (SEQ ID NO.: 3) 
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FIG. 4 is a comparison of the deduced amino acid 
'sequences encoded by cDNAs from clones OK-o and R15B. 

FIG. 5 is a comparison of the deduced amino acid 
sequences of OK-o, OK-H and R15B; lined up according to 
sequence homology. 

FIG. 6 is a representation of the nucleic acid and 
amino acid sequence encoding the human PTH/PTHrP 
receptor. (SEQ ID NO. : 4) 

FIG. 7 is a schematic representation of the rat 
bone PTH/PTHrP receptor cDNA, the human genomic DNA clone 
HPG1 and two cDNA clones encoding the human PTH/PTHrP 
receptor. 

FIG. 8 is a hydrophobicity plot of the deduced 
amino acid sequence of the human kidney PTH/PTHrP 
1]5 receptor. Predicted membrane-spanning domains I through 
VII are indicated; A, b and c indicate additional 
hydrophobic regions. 

FIG. 9 is a graph illustrating binding of PTHrP 
to COS cells transfected with OK-H. 

FIG. 10 is a graph illustrating stimulation of 
intracellular free calcium by NlePTH in COS cells 
transfected with OK-H. 

FIG. ii is a graph illustrating binding of PTHrP 
to COS cells transfected with OK-O. 

FIG. 12 is a graph illustrating stimulation of 
intracellular free calcium by NlePTH in COS cells 
transfected with OK-O. 

FIG. 13 is a graph illustrating binding of PTHrP 
to COS cells transfected with R15B. 

FIG. 14 is a graph illustrating stimulation of 
intracellular free calcium by NlePTH in COS cells 
transfected with R15B. 

FIG. 15 is a graph illustrating stimulation of 
inositol phosphate metabolism by NlePTH in COS cells 
35 transfected with OK-H, OK-o, . or R15B 
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FIG. 16 is a graph illustrating cyclic AMP 
accumulation in COS cells transfected with cdm-8 ok-h 
R1SB by NlePTH. ' ' 



FIG. 17 are graphs illustrating binding of 



125 



10 




labelled m (W4 , (A and B) and "*I-labelled PTHrP(i- 

hln C k ir D) '° C0S ' ? ° ellS transien ^ messing the 
human kidney (A and C) and the rat bone (B and D) 

PTH/PTHrP receptor; competing ligands included PTU( 1- 
34) (D) f PTHrP(l-36, (*) , p TH( 3-34, (., , PTH(7-34) (+ , 
Data are given as % specific binding and represent the' 
*ean±SD of at least three independent experiments. 

FIG. is is a bar graph illustrating stimulated 
accumulation of intracellular cAMP in COS-7 cells 
transiently expressing the human kidney receptor. Data 
show the mean±SD, and are representative of at least 
three independent experiments. 

FIG. 19 represents a Northern blot analysis of 
total rna ( - 10 Mg/lane) prepared from human kidney (A) 

fullTl CellS (B) ' WaS hybridi2ed ^ the 

full length cDNA encoding the human kidney PTH/PTHrP 

receptor; positions of 28S and iss ribosomal RNA bands 
are indicated. 

FIG. 20 represents a Southern blot analysis of 
human genomic DNA digested with Sstl, Hindlli, and Xhol 
< ~ lO^g/lane. The blot was hybridized with the full 
length cDNA encoding the human kidney PTH/PTHrP receptor 

FIG. 21 is a schematic diagram of the proposed 
arrangement, in a cellular membrane, of PTH/PTHrP rat 
bone receptor encoded by rise. 

30 MATERTAT.S Attn MPTunpo 

GENERAT. ; [Nle 8 ' 18 Tvr 34 lV,Dn.u/i •> , * 

— — lie , T yr ]bPTH(l-34) amide (PTH(i-34)>, 
[Nle , Tyr «]bPTH(3-34, amide (PTH(3-34)), and [N le*<« 
Tyr ]bPTH(7-34) amide (PTH(7-34)) were obtained from ' 
Bachem Fine Chemicals, Torrance, CA; [Tyr 36 3 PTHrP(i- 
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36)amide (PTHrP(l-36) ) was synthesized as described 
(Keutman et al., Endocrinology 117:1230, 1985) using an 
Applied Biosystems Synthesizer 420A. Dulbecco 's modified 
Eagles medium (DMEM) , EDTA/trypsin, and gentamycin were . 
from GIBCO (Grand Island, NY); fetal bovine serum (FBS) 
was from Hiclone Laboratory, Logan, UT. Total RNA from 
human kidney was provided by Per Hellman, University 
Hospital, Uppsala, Sweden. Oligonucleotide primers were 
synthesized using an Applied Biosystems 380B DNA 
LO Synthesizer. Restriction enzymes, Klenpw enzyme, T4 
polynucleotide Kinase and T4 DNA ligase were from New 
England Biolabs, Beverly, MA. Calf alkaline phosphatase 
was from Boehringer Mannheim, Germany. All other reagents 
were of highest purity available. 
1'5 CELLS 

Cell lines used include COS cells, OK cells, SaOS- 
2 cells, CHO cells, AtT20 cells, LLC-PK1 cells, and UMR- 
106 cells, which are available from a variety of sources 
including the American Type Culture Collection (Rockland, 
Maryland), Accession Nos. CRL1650, CRL6551, HTB85, CCL61, 
CCL89, CL101, and CRL1161, respectively. ROS 17/2 and 
ROS 17/2.8 are available from a number of sources 
including Dr. Gideon Rodan (Merck Laboratories, West 
Point, PA). MC-3T3 cells are derived from mouse bone 
25 cells and are also available from a number of sources, 
including Dr. Chohei Shigehb (Dept. of Biochem. Medicine, 
Hyoto Univ., Kyoto, Japan). 

All cells were grown in a humidified 95% air, 5% 
Cb 2 atmosphere and maintained in monolayer culture with 
30 Ham's 

F-12 or DMEM medium (Grand, Island Biological Co.), 
supplemented with 5% or 10% fetal calf serum (MA. 
Bioproducts, Walkersville, MD) . The medium was changed 
every 3 or 4 days, and the cells were subcultured every 2 
35 or 3 weeks by 
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trypsinization using standard methods. 
CLONING 

Isolation of cPNA clones ^ odina the rat 
opossum PTH/PTHrP receptors : Total RNA was initially 
i isolated from rat osteosarcoma (ROS) cells (ROS 17/2.8) 
and opossum kidney (OK) cells, by standard methods using 
guanidium isothiocyanate (Ullrich et al., Science 196 : 
1313, 1977; Chirgwin et al. Biochemistry 24: 5294, 1979), 
and centrifugation through cesium chloride (Gilsen et 
10 al., Biochemistry 13: 2633, 1974). Poly A+ RNAs (mRNAs) 
were then recovered after passage of the total RNAs over 
oligo dT columns (Pharmacia, Piscataway, NJ) by the 
method of Aviv and Leder (Proc. Natl. Acad Sci. USA 69: 
14087, 1972). The cDNA library from the ROS 17/2.8 mRNA 
15 was prepared from poly A+ RNA using the method of Gubler 
and Hoffman (Gene (Amst.) 25: 263, 1983). oligo dT- 
primed and random-primed cDNAs were synthesized from poly 
A+ ROS 17/2.8 and OK cell mRNA, respectively (Aviv and 
Leder, supra) . The cDNAs were ligated to BstXl linkers 
20 (Invitrogen, San Diego, CA) and size-selected by 

centrifugation (3 h, 55,000 xg) in a 5-20% potassium 
acetate gradient. The size-selected cDNA was then 
inserted into the plasmid vector, pcDNA I (Invitrogen), 
using the non-self annealing BstXl restriction sites. 
25 The resultant plasmid libraries were then used to 
transform 

coli (MC1061/P3, invitrogen) containing a larger 
helper plasmid, p3. The p 3 plasmid possesses amber 
mutations in two genes which code for ampicillin and 
30 tetracycline resistance. Using ampicillin and 

tetracycline selection, only those cells containing both 
the P 3 and a tRNA suppressor gene, which is contained 
within pcDNA I, were capable of growth. The transformed 
bacteria were then grown to confluence, and the plasmid 
35 DNAs isolated using standard techniques (e.g., see 
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Ausebel et al . # Current Protocols in Molecular Biology, 
John Wiley Sons, New York, 1989). These DNAs were then 
taken up in a DEAE-dextran solution, and used to 
transfect African Green Monkey kidney (COS) cells, which 
had been grown to 75% confluence in "sidef lasks" (Nunc, 
Denmark) . 

Screening for COS cells containing plasmids 
capable of expressing functionally-intact ROS or OK cell 
parathyroid hormone/ parathyroid hormone related-protein 
10 (PTH/PTHrP) receptor proteins was performed according to 
Gearing et al. (EMBO J. 8: 3676, 1989), with some minor 
modifications including DEAE-Dextran transf ection in 
sidef lasks. Forty-eight hours after transf ection, the 
cells were tested for binding of 125 I-labeled [Tyr 36 ]PTHrp 

15 (1-36) amide, using methods previously described 

(Yamamotoet al., Endocrinology 122: 1208, 1988), with 
the following exceptions: the time and temperature of the 
incubation were 2h and room temperature, respectively. 
After rinsing, the cells were fixed with 1.25% 

20 glutaraldehyde, and rinsed with 1% gelatin. After 
snapping off the top of the sidef lask, the remaining 
microscope slide was dipped into NTB-2 photographic 
emulsion (Eastman Kodak , Rochester , NY). After 3-4 days 
of exposure at 4°C, the slides were developed, fixed, and 

25 stained with 0^03% toluene blue. Screening of each slide 
was performed under a light microscope (Olympus). One 
pool of plasmid-DNA from ROS cells, and two pools of 
plasmid-DNA from OK cells, (10,000 independent clones), 
kach gave rise to 3-4 transf ected COS cells expressing 

30 the PTH/PTHrP receptor. These pools were subsequently 
subdivided. The subpools were used to transfect COS 
cells, and single clones were identified that expressed 
receptor protein capable of binding the radioligand. 

Isolation of cDNA and genomic DNA clones encoding 

35 the human PTH/PTHrP receptor : A human kidney oligo dT- 
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primed cDNA library (1.7xl0 6 independent clones) in 
lambda GT10 and a genomic library of human placental DNA 
(2.5xl0 6 independent clones) in EMBL3 (Sp6/T7) (Clontech, 
Palo Alto, CA) were screened by the plaque hybridization 
5 technique (Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd Ed. pp. 108-113, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY, 1989) with the 

32 

P-labelled (random primed labelling kit Boehringer 
Mannheim, Germany) BamHI/NotI 1.8kb restriction enzyme 
10 fragment encoding most of the coding sequence of the rat 
bone PTH/PTHrp receptor (Fig. 3) . The nitrocellulose 
filters were incubated at 42°C for 4 hrs in a 
prehybridization solution containing 50% formamide, 4x 
saline sodium citrate (SSC; x x SSC: 300 mM NaCl, 30 mM 
15 NaCitrate, pH 7.0), 2x Denhardt f s solution, 

10% Dextran sulphate, 100 /xg /ml salmon sperm DNA (final 
concentration) . The hybridizations were carried out in 
the same solution at 42°C for 18-24h. Filters were 
washed with 2x SSC/0.1% SDS for 30 minutes at room 
20 temperature and then with x x SSC/ 0.1% SDS for 30 minutes 
at 45°C. The films were exposed at -80°C for 18-24h using 
intensifying screens. 

About 1,000,000 clones were screened from each 
library. Positive clones were plaque-purified and lambda 
2p phage DNA was isolated (Sambrook et al., supra). Cloned 
inserts were removed from phage DNA by digestion with 
restriction endonucleases Hindlll and EcoRI (lambda GT10 
library) f or with Xhol and SstI (EMBL3 library) , and were 
then subcloned into pcDNAI (Invitrogen, San Diego, CA) 
3(| using the appropriate, dephosphorylated restriction 
sites. Sequencing of the CsCl 2 -purif ied subclones was 
performed according to Sanger et al. (Biochem 74:5463, 
1977) by the dideoxy termination method (Sequenase 
version 2 sequencing kit, United States Biochemical 
Corporation, Cleveland, OH) . 
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Reverse transcription and polymerase chain 
^reaction (PCR) ; 3 /xg of poly (A) + RNA from human kidney 
(Clontech, Palo Alto, CA) in 73.5 /xl of H 2 0 was incubated 
at 100°C for 30 seconds , quenched oh ice, and then added 
to 20 nl of 5x RT buffer (Ix RT buffer: 40 mM Tris-HCl, 
pH 8.2, 40 mM KC1, 6.6 mM MgCl 2 , 10 mM dithiothreitol, ' 
and dNTPs at 0.5 mM each), 2 Ml (4 units) RNasin (Promega 
Biotec, Madison, WI) # 1 /xl (80 pmo//xl ) of the human cDNA 
primer H12 

10( (5 1 - AG ATGAGGCTGTG C AGGT- 3 1 ; SEQ ID NO. : 14 ) and 80 units 

of avian myeloblastosis virus reverse transcriptase (Life 

Sciences, St. Petersburg, PL) . The reaction mixture was 

incubated for 40 minutes at 42 °C. One-tenth of the first 

strand synthesis reaction mixture was then' amplified by 

1$\ PCR in a final volume of 100 /xl containing 3 mM MgS0 4 , 

200 /xM dNTPs, 2 units of Vent polymerase (New England 

Biolab, Beverly, MA) , and 2 /xM each of the forward and 

the reverse primers (PCR conditions: denaturing for 1 miri 

at 94 °C # annealing for 1 min at 50°C # and extension at 

72 °C for 3 minutes; 40 cycles) . 

Two independent PCRs were performed using two 

different forward primers: i) degenerate primer RK-1 

(5 1 -GGAATTCCATGGGAGCGGCCCGGAT-3 1 ; SEQ ID NO. : 15) based 
on 

2$ G CC 

the 5' coding end of the two previously cloned PTH/PTHrP 

receptors (described above) , ahd ii) primer RK-2 
(5 1 -CGGGATCCCGCGGCCCTAGGCGGT-3 1 ; SEQ ID NO. : 16) based on 
the 5 1 untranslated region of the human genomic clone 
3<j> HPG1. Both PCR reactions used the reverse primer H26 

(5 1 AGTATAGCGTCCTTGACGA-3 1 ; SEQ ID NO.: 17) representing 
nucleotides 713 to 731 of the coding region of the human 
PTH/PTHrP receptor (Fig. 4). PCR products were blunt- 
ended using Klenow enzyme and cloned into 
35 dephosphorylated pcDNAI cut with EcoRV. 
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r Northern blot analysis : Total RNA was extracted 

I from SaOS-2 cells and from human kidney by the guanidine 
thiocyanate method (Chirgwin et al., Biochem. 18:5294, 
1979) . For Northern blot analysis, -10 fxg of total RNA 
5 was subjected to electrophoresis on a 1.5%/37% 

formaldehyde gel and blotted onto nitrocellulose filters 
(Schleicher and Schuell, Keene, NH) . The hybridization 
conditions were the same as those for screening the phage 
libraries (see above) . The filters were washed at a final 

10 stringency of 0.5x SSC/0.1% SDS for 30 min at 60°C and 
exposed for autoradiography. 

Southe rn blot analysis : Human genomic DNA was 
prepared using the SDS/proteinase K method (Gross-Bellard 
et al., Eur. J. Biochem. 36:32, 1973). For Southern 

15 analysis, -10 /xg of DNA was digested with SstI, PvuII and 
Xhol; subjected to electrophoresis on a 0.8% agarose gel; 
and blotted onto nitrocellulose membranes (Schleicher and 
Schuell, Keene, NH) . The hybridization conditions were 
the same as those for screening the phage libraries (see 

20 above) . The filters were washed at a final stringency of 
0.5x SSC/0.1% SDS for 30 min at 55 °C and exposed for 
autoradiography . 



FUNCTIONAL ASSAYS 

Tests to characterize the functional properties of 
the cloned receptors expressed on COS cells included: 

I) binding of PTH and PTHrP fragments and 
analogues, II) stimulation of cyclic AMP accumulation by 
PTH and PTHrP fragments and analogues, 

III) increase of intracellular free calcium by PTH 
3p and PTHrP fragments and analogues, and 

IV) activation of inositol phosphate metabolism by 
PTH and PTHrP fragments and analogues. The methodologies 
are as follows: 
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Radioreceptor Assay 

[Nle 8 ,Nle 18 ,Tyr 34 )bPTH- (1-34) amide (NlePTH) , and 
[Tyr 36 ]PTHrP(l-36)amide(PTHrP) were iodinated with Na 125 I 
(carrier free, New England Nuclear, Boston, MA) as 
previously reported (Segre et al. , J. Biol. Chem. 254 : 
6980, 1979), and purified by reverse-phase HPLC. In 
brief, the labeled peptide was dissolved in 0.1% 
trifluoracetic acid (TFA) , applied to a C 18 Sep-pak 
cartridge (Waters Associates, Inc. , Milford, MA) and 
ljo eluted with a solution of 60% acetonitrile in 0.1% TFA. 
After lyophilization, the radioligand then was applied to 
C 18 -MBondapak column (3.9 mm x 30 cm. Wat ers Associates) 
and eluted over 30 min with a linear gradient of 30-50% 
acetonitrile-0.1% TFA at a flow rate of 2 ml/min. The 
15 radioligand eluted in two peaks; the first peak, which 
eluted at approximately 38% acetonitrile, was used in 
these studies because it gave higher total and specific 
.bindings. The specific activity was 500 ± 75 mCi/mg, 
which corresponds to an average iodine-peptide ratio of 
20 1. 

COS-7 cells were grown in 15 cm plates in DMEM, 
10% heat- inactivated FBS, 10 mg/L gentamycin until 80- 
90% confluent. Twenty-four hours after transfection by 

• the . 

25 DEAE/Dextran method (Sambrook et al. # supra), with 1-2 /ig 
of plasmid DNA, the cells were trypsinized and replated 
in multiwell plastic dishes (16 or 35 mm diameter, 
Costar, Cambridge^ MA) at a cell concentration of 5 x 10 4 
cells/cm 2 ). Cell number increased only slightly after 

30 transfection. After continuing culture for another 48 h, 
radiorecepter assays were performed. The culture medium 
was replaced with buffer containing 50 mM Tris-HCL (pH 
7.7), 

100 mM NaCl, 2 mM CaCl 2/ 5 mM KCL, 6.5% heat-inactivated 
35 fetal bovine serum (GIBCO) , and 5% heat-inactivated horse 
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serum (KC Biological Inc., Lenexa, KS) immediately before 
studies were initiated. Unless otherwise indicated, 
studies were conducted with cells incubated in this 
buffer at 15°C for 4 h with 4 x 10 5 cpm/ml (9.6 x 1CT 11 M) 
!> of 125 I-labeled NlePTH or PTHrP. 

Incubations were terminated by aspirating the 

P buffer, and repeatedly (x3) washing the culture dishes 
containing the adherent cells with chilled 0.9% NaCl 
solution, over a 15 sec period. Cell-bound radioactivity 
io was recovered by the sequential addition (x3) of 1 N 
NaOH (200 /il) to each well. After 30 min at room 
temperature, the NaOH was transferred to a glass tube. A 
second and third extraction with 1 N NaOH (200 /xl) were 
combined with the first, and the total radioactivity was 
:.5 counted in a 7 -spectrometer (Packard Instruments, Downers 
Grove, IL) . Tracer adherence to culture vessel without 
cells was negligible (<0.2% of total counts added), if 
_ vessels were preincubated with culture medium. 

Determinations of CAMP accumulation 
20 Intracellular cAMP accumulation was measured as 

described previously (Abou-Samra et al. f J. Biol. Chem. 
262:1129, 1986). Cells in 24-well plates were rinsed 
with culture medium containing 0.1% BSA and 2mM IBMX. 
The cells were then incubated with PTH or PTHrP for 15 
25 min. at 37° C. The supernatant was removed and the cells 
immediately frozen by placing the whole plate in dry ice 
powder. Intracellular cAMP was extracted by thawing the 
cells in 1ml of 50 mM HC1 and analyzed by a specific 
radioimmunoassay using an anti-cAMP antibody (e.g., 
30 Sigma, St. Louis, MO). A cAMP analog (2 1 -O-monosuccinyl- 
adenosine 3': 5* -cyclic monophosphate tyrosyl methyl 
ester, obtained from Sigma) which was used a tracer for 
cAMP was iodinated by the chloramine T method. Free 
iodine was removed by adsorbing the iodinated cAMP analog 
05 onto a C18 Sep-pak cartridge (Waters, Milford, MA) . 
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I After washing with dH 2 0, the iodinated cAMP analog was 
eluted from the Sep-pak Cartridge with 40% acetonitrille 
(ACN) and 0.1% trif luoroacetic acid (TFA) • The iodinated 
cAMP analog was lyophilized, reconstituted in 1 ml 0.1% 
TFA, and injected into a C18 reverse phase HPLC column 
(Waters) . The column was equilibrated with 10% ACN in 
0.1% TFA, and eluted with gradient of 10-30% ACN in 0.1% 
TFA. This allows separation of the mono- iodinated cAMP 
analog from the non-iodinated cAMP analog. The tracer is 
10 stable for up to 4 months when stored at -20° C. The 
standard used for the assay, adenosine 3 1 :*5 f -cyclic 
monophosphate, was purchased from Sigma. Samples (1-10 
Ml of HC1 extracts) or standards (0.04-100 fmol/tube) 
were diluted in 50 mM Na-acetate (pH 5.5), and acetylated 
with 10 /il of mixture of triethylamine and acetic 
anhydride (2: 1 vol: vol) . After acetylation, cAMP 
antiserum (100 pi) was added from a stock solution 
(1:4000) made in PBS (pH 7.4), 5 mM EDTA and 1% normal 
rabbit serum. The tracer was diluted in PBS (pH 7.4) 
with 0.1% BSA, and added (20,000 cpm/tube) . The assay 
was incubated at 4° C overnight. The bound tracer was 
precipitated by adding 100 /xl of goat anti^-rabbit 
antiserum (1:20 in PBS) and 1 ml of 7% pqlyethyleneglycol 
(MW 5000-6000), centrifuging at 2000 rpm for 30 min. at 
2$ 4° C. The supernatant was removed and the bound 

radioactivity was counted in a 7-counter (Micromedic) . 
Standard curves were calculated using the four-parameter 
RIA program supplied by Micromedic. Typically, the assay 
sensitivity is 0.1 fmol/ tube, and the standard 
30 \ concentration that displaces 50% of tracer is 5 
L^mol/tube. 

^ In an alternative method for assaying cAMP 

accumulation, COS cells transfected with PTH/PTHrP 
receptor cDNA are harvested with a plastic piol iceman into 
35 a solution containing 10 mM Tris-HCl (pH 7.5), 0.2 mM 
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MgCl, 0.5 mM ethyleneglycolbis (0-amino ethyl ether) N,N'- 
tetra-acetic acid (EGTA) (Sigma) and 1 mM dithiothreitol 
(Sigma) . Cells are homogenated by 20 strokes of tightly- 
fitting Dounce homogenizer, and centrifuged at 13,000 x g 
for 15 min at 4°C (Eppendorf, type 5412, Brinkmann 
Instruments, Inc., Westburg, NY). The pellet containing 
the plasma membranes is resuspended in the same buffer by 
several strokes with a Dounce homogenizer, and further 
diluted with the same buffer to a protein concentration 
of approximately 1.2 mg/ml, as determined by the method 
of Lowry et al. (Lowry et al., J. Biol. Chem 193 : 265, 
1951) . Approximately 3 0 (25 jxl) membrane are 
incubated with varying concentrations of hormone or 
vehicle alone for 10 min at 37°C (final volume, 100 fxl) 
in 50 mM Tris-HCl (pH 7.5), 0.8 mM ATP, 4 x 10 6 cpm [a- 
32 P] ATP (New England Nuclear, Boston, MA) , 9 mM 
theophylline, 4.2 mM MgCl 2 , 26 mM KC1, 0.12% BSA, and an 
ATP-regenerating system containing 5 mM creatine 
phosphate (Schwartz /Mann Division, Becton-Dickenson & 
Co., Orangeburg, NY) and 0.1 mg/ml creatine phosphokinase 
(Shwartz/Mann) . Incubations are initiated by addition of 
the membrane suspension and terminated by addition of 100 
/il of a solution containing 20 mM cAMP, approximately 
50,000 cpm [ 3 H]cAMP, and 80 mM ATP. The reaction mixture 
is boiled, and the [ 32 P]cAMP generated is purified by 
sequential chromatography on ion-exchange columns (Dowex 
50 W-X4, Biorad Lab, Richmond, CA) and alumina (Sigma). 
The [ 32 P]cAMP may be counted in a /3-scintillation counter 
(Packard Instrument Co.), with correction for recovery of 
[ 3 H]cAMP. 

Determination of intracel lular free calcium 

Measurements of intracellular calcium levels in 
cells transfected with PTH/PTHrP receptor cDNAs were 
performed using Fura-2 AM (acetomethoxy ester of Fura-2, 



WO 92/17602 



PCT/US92/02821 



5 [ 





- 20 - 

Mjolecular Probes Inc., Eugene, OR) loaded cells. Details 
of the methodology are: 

Coverslips plated with COS cells were incubated in 
Fura-2 AM loading buffer containing, in mM: HEPES (N- 
;>-Hydroxyethyl]piperazine-N f -[2-ethanesulfonic acid]) , 
2jD; CaCl 2 , 1; KC1 5; NaCl, 145; MgS0 4 , 0.5; NaHC0 3 , 25; 
HP0 4 ; 1.4; glucose, 10; and Fura-2 AM 91- ( 2-5'- 
arboxyoxazol-2 1 -yl) -6-aminobenzof uran-5oxy- (2 1 -amino- 
f 5 , -methylphenoxy)ethane-N,N,N l ,N f -tetraaecetic acid 
acetomethoxy ester) , 0.5; at 37 °C at pH7.4, aerated with 
95% air and 5% C0 2 for 45 minutes. Cells loaded with 
Fura-2 AM were then washed with a modified Krebs- 
Heinseleit (KH) buffer containing, in mM: HEPES, 20; 
CaCl 2 , l; KCl, 5; NaCl, 145; MgS0 4 , 0.5; Na 2 HP0 4 , 1; 
l£ glucose, 5; pH7.4. To check that cleavage of the ester 
occurred, the excitation spectra after different times of 
Fura-2 AM incubation were measured. At 5 min. after the 
start of incubation , the excitation spectrum peaJced at 
approximately 360 nm, reflecting incomplete hydrolysis of 
Fura-2 AM, whereas beyond 30 min. the excitation spectrum 
peaked at 345 nM, characteristic of Fura-2. 

To measure fluorescence of individual cells, the 
cover slips were pla:ced in a microscope tissue chamber 
(Biophysica Technologies, Inc. , MD) . The chamber 
consisted of a shallow, sloped compartment made of Teflon 
with a silicone rubber seal. The cover slips served as 
the bottom of the chamber. A heater /cooler ring was 
encased in the silicone rubber which sealed the coverslip 
in place. Temperatures were varied between 22 °C and 37 °C 
30 by applying 0-7.4 V to the heater. If the temperature is 
not specifically stated, the experiment was performed at 
37 °C. The chamber was mounted on the stage of an 
inverted microscope (Zeiss IM-35, Thornwood, NY). Fura- , 
2 fluorescence was excited with a 75 watt Xenon arc lamp 
35 placed at the focal point of a condenser (Photon 
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Technologies International (PTI) Inc., NJ) . Grating 
monochromators , alternated by a rotating chopper in which 
mirror vanes alternate with transmitting sectors, were 
used for selecting wavelengths. The monochromator 
outputs were combined to form a common optical path which 
exited the source housing through an adjustable iris. 
The light then passed through quartz lenses and a 
dichroic mirror through a lOOx Nikon Fluor objective. A 
photon-counting PMT device detection was used to measure 
LO the light output. Data analysis was performed using PTI 
software run on an IBM-compatible AT/ 286 computer using 
the MS-DOS operating system. Data was retained and 
manipulated in a packed binary format. 

Intracellular calcium concentrations were 
calculated according to the formula: [Ca 2+ ] i=Kd(R- 
I Rmin)/(Rmax-R)B, where R is the ratio of fluorescence of 
the cell at 340 and 380 nm; Rmax and Rmin represent the 
ratios of Fura-2 fluorescence intensity at 340 and 380 nm 
excitation wavelengths in the presence of a saturating 
JO amount of calcium and effectively zero calcium, 

respectively; B is the ratio of fluorescence of Fura-2 at 
380 nm in zero calcium to that in saturating amounts of 
calcium; and K d is the dissociation constant of Fura-2 
for calcium. To determine Rmax, at the end of an 
15 experiment ionomycin was added to the Fura-2 AM loaded 
cells to equilibrate Ca 2+ between the extracellular (ImM) 
and intracellular environments. To calculate Rmin, ImM 
EGTA was then added to the bathing solution. Different 
dissociation constants were used at the different 
temperatures: 224 nM at 34-37 °c and 135 nM at 
24-27°C. 

/] Determ ination of inositol phosphate 
(~s \ The level of inositol phosphate metabolism was 

I determined in COS cells transfected with PTH/PTHrP 
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receptors using previously published methods (Bonventre, 
etal., J. Biol. Chem. 265: 4934, 1990). 



RESULTS 

/^ Molecular characterization 

; Two independent clones (OK-H and OK-O) both of 
which were isolated from the OK cell cDNA library, had 
lengths of approximately 2 kilobases. The determined 
nucleotide sequence and predicted amino acid sequence of 
these clones are shown in Figs, l (SEQ ID NO. :i) and 2 
(SEQ ID NO. :2) respectively. The R15B clone isolated 
from the ROS cell cDNA library had a length of 
approximately 4 kilobases. The determined nucleotide 
sequence and predicted amino acid sequence of the rat 
bone PTH/PTHrP receptor is depicted in Fig. 3 (SEQ ID 
l^NO. :3) . 

The three cDNA clones appear to be full-length by 
the criteria of having codons encoding methionine 
residues that are predicted to be the likely candidates 
as initiator methionines. These methionine codons are 
2lp followed by amino acid sequences (deduced from the DNA) 
with properties suggesting that they are "signal-peptide" 
sequences. All three receptor cDNAs have stop codons at 
locations that permit these receptors to "fit" a putative 
seven-membrane spanning model, a model typical for G- 
2^ protein-linked receptors. Most importantly, all three 
cloned receptors bind ligands and, when activated, are 
capable of activating intracellular effectors. These 
properties suggest that all three of the isolated clones 
__pncode full-length cDNAs. 

Fig. 4 demonstrates the high degree of homology 
between the amino acid sequences encoded by the cDNAs 
from OK-0 and ROS 15B. There is an overall 87% homology 
and a 77.8% amino acid identity between these two 
receptors. This high level of identity over long : 
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stretches of amnio acids demonstrates that the amino acid 
sequence of the PTH receptor is evolutionarily conserved 
to a high degree. This allows the data from both OK-0 
and R15B to be extrapolated to other species, including 
human . 

^ Fig. 5 shows the deduced amino acid sequences of 

all three cloned cDNAs lined up according to sequence 
homology. The OK-H sequence is identical to OK-0 except 
in the C-terminus tail, where the OK-0 sequence totals 
585 amino acids whereas the OK-H sequence stops at 515 
amino acids. This difference is attributable to a single 
nucleotide (G) deleted in the OK-H sequence compared to 
the OK-0 sequence, causing a frame shift and early stop 
codon in the former. It is not known whether OK-o and 
OK-H represent the products of two separate genes or of a 
V laboratory artifact. 

Some G-protein-coupled receptors are encoded by 
intronless genes (Kobilka et al. , Nature 329:75, 1987*); 
KobilJca et al., J. Biol. Chem. 262:7321, 1987; Heckert et 
20jal., Mol. Endocrinol. 6:70, 1992; Kobilka et al., Science 
238:650, 1987; Bonner et al., Science 237:527, 1987; 
Sunahara et al., Nature 347:80, 1990). To isolate a 
human PTH/PTHrP receptor cDNA, both a human cDNA library 
and a human genomic library were screened with a probe 
(BamHI/Notl) representing most of the coding region of 
the rat bone PTH/PTHrP receptor (Fig. 3). Screening the 
human kidney cDNA library led to the isolation of the 
clone HK-1 (Fig. 6) [SEQ id NO.: 6]. since one of the 
two EcoRI cloning sites of lambda GT10 proved to be 
eliminated as a result of the library construction, the 
Hindlll/EcoRI phage fragment containing the cDNA insert 
and -250 bp of the 37 kb (left) lambda arm was subcloned 
into the corresponding restriction sites in pcDNAI. DNA 
sequencing revealed that the cloned cDNA contained -1000 
3 5 bp of the 3» coding region and -200 bp of the 3» non- 
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coding region including an A-rich 3- end. The coding 
region 5' to the Xhol site was subsequently used to re- 
screen the library and led to the isolation of the clone 
HK-2 which, after subcloning into pcDNAI, proved to 
contain -1400 bp of the coding region. For the third 
screening of the library, the PvuII/PstI fragment of HK- 
2 was used; the isolated clone HK- 3 proved to be 
identical to HK-2. 

The genomic library screening (-io 6 pfu) resulted 
in the isolation of four independent clones. Comparison 
of Southern blot analyses of restriction enzyme digests 
of these clones with that of normal genomic dna, revealed 
that one 15 kb genomic clone, HPGl (also referred to as 
HG4A) , contained a. Sstl/SstI fragment that had the same 
sxze as one hybridizing DNA species from normal human 
genomic DNA digested with SstI (see below) . The 
hybridizing 2.3 kb Sstl/SstI DNA fragment and an -8 kb 
Xhol fragment which comprised the SstI /SstI fragment were 
both subcloned into pcDNAI. Further Southern blot 
analysis of the Sstl/SstI DNA fragment revealed that an 
-1000 bp BamHI/SstI fragment encoded a portion of the 
human PTH/PTHrP receptor which later proved to represent 
the exon encoding the putative signal peptide and the 5- 
non-translated region which is interrupted by an -1000 bp 
intron (Fig. 7) . 

To isolate the remaining -450 nucleotides of the 
coding region, poly ( A ) + RNA from human kidney was 
reverse transcribed after priming with H12 (Fig. 7). 
After single strand synthesis, two independent PCRs were 
performed using two different forward primers: i) a 
degenerate primer RK- 1 based on the 5- coding end of the 
two previously cloned PTH/PTHrP receptors, OK-0 and R15B- 
and ii) primer RK- 2 based on the 5 - non-coding region of' 
HPGl. H-26 was used as the reverse primer for both 
reactions. Southern blot and restriction map analyses 
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confined the expected sise of the amplified DNA encoding 
the human PTH/PTHrP receptor. The blunt-ended PCR 
products encoding the 5. end of the human PTH/PTHrP were 
cloned into pcDNAI using the dephosphorylated EcoRV 
sites, sequence analysis of each PCR clone confirmed 
their 5. nucleotide difference due to the difference in 
forward primer sequence, but revealed otherwise identical 
sequences. Nucleotide sequencing of both strands of the 
human PTH/PTHrP receptor cDNA revealed an open reading 
frame encoding a 59 3-amino acid protein (Pig. s , seq id 
no • : 4 ) . 

The full-length human kidney PTH/PTHrP receptor 
/ CDNA, HKrk, was constructed using the BamHI/PvulI 
/ fragment of pgr clone #2 and HK-2. Using the full- 
1$ length cDNA encoding the human PTH/PTHrP receptor 

Northern blot analysis of total rna ( - 10 W lane) 'from 
human kidney and Saos-2 cells revealed one major 
hybridizing DNA species of - 2 . 5 kb (Fig. 19) . Tne ^ 
digest of normal human genomic DNA, when probed with the 
same full-length cDNA (Fig. 20) , revealed one major 
hybridizing species of about 5.5 kb, and two DNA species 
of 4 and 8 kb which weakly hybridized. These date 
suggest that the human PTH/PTHrP receptor is the product 
of a single gene. This full-length clone was then 
transiently expressed in cos-7 cells for functional and 
biological characterization by the methods cited above. 

Comparison of the human receptor with the opposum 
kidney PTH/PTHrP receptor and the rate bone PTH/PTHrP 
receptor, revealed 81% and 91% amino acid sequence 
identity, respectively, and consequently a very similar 
hydrophobics plot (Fig. 8 ) . All extracellular 
cysteines including the two cysteine residues in the 
presumed signal peptide are conserved, as are all 
potential, extracellular 
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N-glycosylation sites. A number of the amino acids which 
were not identical between the human kidney and rat bone 
PTH/PTHr receptors were found to be conserved between the 
human and the opposum receptors. These conserved amino 
acids include an Arg to Leu at 51, an Arg to Trp at 58, 
ah Arg to His at 262, an Asp to His at 358, an lie to Thr 
at 422, and a Thr to Leu at 427. 
loloaiea l Chararterizati nr. 

Functional characterization of the biological 
properties of the opossum and rat PTH/PTHr P receptors was 
performed in transiently transfected cos cells by a 
radioreceptor assay technique using both 125 I-PTHrP and 
125 I-NlePTH as radioligands, and. by bioassays that measure 
ligand-stimulated cAMP accumulation, increase in 
intracellular free calcium, and stimulation of inositol 
phosphate metabolism, by the methods cited above. 

L25 9 ' 9 demonstrates that COS cells expressing OK- 
These data also demonstrate that 
binding of PTHrP is inhibited when intact PTH (1-34) or 
PTH anlogues which are shortened at their amino terminus 
(i.e. the 3-34 and 7-34 analogues, which contain Nle 
substitutions for methionine at positions 8 and 18 and a 
tyrosine substitution for phenylalanine at position 34) 
are^used as competitors for binding, similarly, binding 



H bind 125 i-PTHrP. 
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I-NlePTH to COS cells expressing OK-H was inhibited 
when PTHrP or PTHrP fragments were used as competitors. 
These data indicate that PTH and PTHrP both bind to the 
receptor encoded by OK-H. 

Fig. 10 demonstrates that COS cells expressing OK- 
H increase their concentration of intracellular free 
calcium. when exposed to NlePTH, but to a smaller extent 
(mean = 

39 nm), or not at all/when compared to COS cells 
expressing OK-0 or R15B receptors (Fig. 12 and Fig. 14) 
and stimulated with NlePTH. Unlike COS cells expressing 
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OK-o or R15B, cos cells expressing OK-H do not show a 
detectable increase in metabolism of inositol phosphate 
when stimulated with NlePTH (Fig. 15) . 

Fig. li demonstrates that COS cells expressing OK- 
5 O bind 125 I-PTHrP. These data also demonstrate that 
binding of PTHrP is inhibited when intact PTH (1-34) or 
PTH analogues which are shortened at their amino terminus 
(i.e. the 3-34 and 7-34 analogues, which contain Nle 
substitutions for methionine at positions 8 and 18 and a 
10 tyrosine substitution for phenylalanine at position 34) 
are used as competitors for binding. Similarly, binding 
of 125 I-NlePTH to COS cells expressing OK-H was inhibited 
when PTHrP or PTHrP fragments were used as competitors. 
These data indicate that PTH and PTHrP both bind to the 
15 receptor encoded by OK-O. 

Fig. 12 demonstrates that COS cells expressing OK- 
O increase their concentration of intracellular free 
calcium and their rate of inositol phosphate metabolism 
after stimulation with NlePTH and PTHrP (Fig. 15) . 
20 Fi 9« 13 demonstrates that COS cells expressing 

R15B bind 125 I-PTHrP. These data also demonstrate that 
binding of PTHrP is inhibited when intact PTH (1-34) or 
PTH anlogues which are shortened at their amino terminus 
(i.e. the 3-34 and 7-34 analogues, which contain Nle 
25 substitutions for methionine at positions 8 and 18 and a 
tyrosine substitution for phenylalanine at position 34) 
are used as competitors for binding. Similarly, binding 
of 125 I-NlePTH to COS cells expressing OK-H was inhibited 
when PTHrP or PTHrP fragments were used as competitors. 
30 These data indicate that PTH and PTHrP both bind to the 
receptor encoded by R15B. 

Fig. 14 demonstrates that COS cells expressing 
R15B increase their concentration of intracellular 
calcium to an extent similar to stimulated COS cells 
35 expressing OK-O. 
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Fig. 15 demonstrates that COS cells expressing 
R15B or OK-0 increase their rate of phosphatidyl inositol 
hydrolysis, as evidenced by the rapid increase in 
inositol trisphosphate (IP 3 ) and inositol bisphosphate 
5, (IP 2 ) accumulation after stimulation of the cells with 
NlePTH or PTHrP. Conversely, COS cells expressing OK-H 
did not show any detectable increase in inositol 
trisphosphate and inositol bisphosphate accumulation: 
after stimulation with NlePTH or PTHrP. These data 
10 suggest that the PTH receptor encoded by R15B and OK-0 is 
coupled to phospholipase C, presumably through G p . Since 
the only difference between OK-0 and OK-H is in the 
cytoplasmic C-terminal tail, these data strongly suggest 
that the C-terminus of the PTH receptor encoded by OK-0 
15 and R15B is involved in the activation of phospholipase 
• C. ■.'■■[ \ : . 

Fig. 16 demonstrates that COS cells expressing 
R15B and OK-H increase cAMP accumulation after 
stimulation with NlePTH, Similar results were obtained 
20 in COS cells expressing OK-0. No cAMP stimulation was 
detected in COS cells transfected with the cDM8 vector 
alone. These data suggeist that PTH receptor coupling to 
adenylate cyclase does not require the full length C- 
terminal cytoplasmic tail of the receptor. 
25 These data demonstrate that all three PTH/ PTHrP 

receptors cloned from both OK and ROS cell cDNA libraries 
bind the amino-terminal ligands of both peptides 
equivalent ly. Activation of all these receptors by 
ligand stimulates adenylate cyclase (as measured by 
30 increased intracellular cAMP) , presuiiably through ; 
activation of one class of guanine nucleotide binding 
proteins (G-proteins) . G-prote ins have a trimeric 
peptide structure in which one of the subunits, alpha, is 
distinct , and the other two, beta and gamma, are 
35 identical or highly homologous. One of these G-proteins 
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(G ) contains G-alpha-"stimulatory" (G-alpha-s) which is 
s 

involved in the activation of adenylate cyclase. 

Binding of ligand to OK-0 and R15B, but not to OK- 
H, also increases intracellular free calcium and 
5 stimulates metabolism of inositol phosphate. These 

properties strongly suggest that activation of both OK-0 
and R15B receptors by ligand results in stimulation of a 
second intracellular effector, phospholipase C. The 
coupling mechanism between these activated receptors and 

10 phospholipase C is likely to be a G-protein which is 
distinct from G g . In contrast, the properties of the 
activated OK-H receptor which is truncated at the carboxy 
terminus, suggest that it may not activate phospholipase 
C, or that it activates phospholipase C inefficiently. 

15 The biochemical role of the carboxy-terminal tail 

of the PTH/PTHrP receptor was further investigated by the 
construction of a carboxy-terminally-truncated rat 
receptor, R480, by standard PCR technology using R15B as 
a template and an upstream primer containing a stop codon 

20 inserted at position 481. Briefly, the upstream primer 
was a synthetic oligonucleotide based on nucleotides 
1494-1513 of the rat cDNA sequence (see Fig. 3; SEQ ID 
NO.: 3) to which a stop codon and an Xbal cloning site 
were added. Thirty PCR cycles were carried out, each 

25 cycle consisting of 1 min at 92°C for denaturation, 1 min 
at 60°C for annealing, and 1 min at 72°C for extension. 
The product was cut with Nsil and Xbal and purified by 
gel electrophoresis. R15B was sequentially digested with 
Xbal and Nsil, and the purified PCR product was then 

30 ligated into the Xbal-Nsil cut R15B vector. The 

resulting plasmid, R480, was amplified in bacteria and 
sequenced. 

R480 encodes 480 amino acids that are identical to 
those in the 591 amino acids receptor. This truncated 
35 cDNA was expressed in COS-7 cells (transient expression) 



WO 92/17602 



PCT/US92/02821 



30 - 

and in CHO cells (stable expression). Both COS-7 and CHO 
cells expressing the truncated receptor, R480, and the 
wild type receptor, RB, bind PTH (1-3 4) with equivalent 
affinities. When activated/ R480 stimulates cAMP 
5 accumulation in COS7 and CHO cells as efficiently as does 
the wild type receptor. In contrast to the; wild type 
receptor, R480 did not mediate any increase in [Ca ]i 
when stimulated by PTH in either the COS-7 cells or the 
CHO cells. These data indicate that the molecular 
10 requirements for activation of phospholipase C and 

adenylate cyclase by PTH/ PTHrP receptor are distinct from 
each other, and point to a major role of the carboxy- 
terminal tail of the PTH /PTHrP receptor in coupling to 
phospholipase C but not to adenylate cyclase. Of course, 
15 it is also possible that activated PTH /PTHrP receptors 
may activate additional G-proteins and/or intracelluar 
effector molecules. 

Analysis of COS-7 cells transfected with the 
cloned human PTH/ PTHrP receptor demonstrated that 
20 radiolabeled PTH (1-34) and PTHrP (1-3 6) (-200,000 cpm) 
bound to the expressed receptors with similar efficiency 
(specific binding: 10.1 + 3.7% and 7.6+6.0%, 
; respectively) to that observed for COS-7 cells expressing 
R15B (specific binding: 8.1+3.5% and 7.1+4.1%> 
25 respectively). The expressed human PTH /PTHrP receptors 
bound PTH (1-34) with 2 -fold higher apparent Kd than did 
the rat bone PTH /PTHrP receptor: ~5 nM versus -10 nM 
(Fig. 17). However, despite their high degree of amino 
acid homology, the two receptors showed significant 
30 differences in affinity for PTH (3 -3 4) and -PTH (7-34 J . 
PTHrP (1-3 6) displayed a 2- to 4-fold lower affinity for 
the human PTH /PTHrP receptor than for the rat receptor 
(-35 nM for HKrk versus -10 nM for R15B) which appeared 
more pronounced when PTHrP (1-36) was used as radioligand. 
35 The affinities for PTH (3-34) and PTH(?-34) were 7- and 
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35-fold higher with the expressed HKrK than with R15B (-7 
nM versus -45 nM for PTH (3-34 ) , respectively; -60 nM 
versus -2000 nM for PTH(7-34), respectively). In COS-7 
cells expressing either receptor, both PTH (1-34) and 
PTHrP(l-36) stimulated the increase in intracellular free 
calcium and cAMP accumulation to the same extent (Fig. 
18) . 

Relationship of PTH/PTHrP receptors 

The amino acid sequence of the human PTH/PTHrP 
1$ receptor displays a very high degree of conservation 
compared to the bone PTH/PTHrP receptor from rat, a 
eutherian mammal, while its sequence identity with the 
PTH/PTHrP receptor with the opossum, a marsupial mammal, 
is less marked. Like the opossum kidney and the rat bone 
1$ receptor, the human kidney receptor induces an increase 
in both intra-cellular cAMP and intracellular free 
calcium when challenged with either PTH or PTHrP. 
Despite the high degree of homology between the human 
PTH/PTHrP receptor and the opossum and rat homologs, the 
20 transiently expressed human receptor has some functional 
characteristics that are distinct from those of the rat 
bone receptor. These include a slightly higher affinity 
for PTH (1-34) and a significantly descreased affinity for 
PTHrP(l-36) . Higher affinities were observed for PTH(3- 
25 34) and in particular for PTH(7-34) , the affinity of 

which for the human receptor was about 35-fold higher in 
comparison to the rat bone receptor. These findings may 
have significant implications for the future development 
of PTH/PTHrP analogues, since they predict that species- 
30 specific tissues would be the appropriate tissues for 
testing the potency of antagonists (and agonists) in 
vitro. 

a Relationship of PTH/PTHrP receptors to other receptors 
The biochemical properties of PTH and PTHrP 
receptors suggest that they are members of the class of 

V 
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membrane receptor molecules known as G-protein-linked 
membrane receptors. The structural features of well- 
characterized G-protein receptors indicate that they all 
have at least seven regions of several consecutive 
hydrophobic amino acids , each of which regions is of 
sufficient length to span the; plasma membrane. 

One subfamily of G-protein- linked membrane 
eceptors , termed the glycopep tide receptor subfamily, 
includes receptors that bind and are activated by 
10 / glycopeptide hormones (thyroid-stimulating hormone, 
luteinizing hormone, follicle-stimulating hormone, and 
chorionic gonadotropin). All of these receptors are 
characterized by (1) extensive putative amino-terminal 
extracellular domains (greater than 300 amino acids) that 
15 are thought to contain some or all of the ligand-binding 
domains, and (2) considerable amino-acid homology, 
particularly in the seven putative transmembrane domains. 
A second subfamily, termed the adrenergic/muscarinic* 
subfamily, includes receptors that are activated by small 
20 ligands, such as the catecholamines , neuromuscular 
transmitters, and retihol. These receptors are all 
characterized by relatively short (25-75 amino acids) 
putative amino-terminal extracellular domains, as well as 
considerable amino acid homology, particularly in the 
25 seven putativis transmembrane domains. Activation of 
these receptors by their ligands appears to involve at 
least several of the multiple transmembrane domains, and 
does not appear to involve the amino-terminal portion of 
the receptors . 

30 /T^ Several structural characteristics which can be 

deduced from the predicted amino acid sequence of the rat 
PTH/PTHrP receptor (Fig. 3) vindicate that the PTH/PTHrP 
is a G-protein- linked receptor. The amino terminus shows 
characteristic features of a signal peptide, including a 
35 ^hydrophobic domain and the presence of three consecutive 
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leucine residues. This amino acid stretch of 20-28 amino 
acids may serve as a leader sequence, similar to the 
amino terminus preceding the extracellular domains of 
other glycoprotein receptors. There is also a cluster of 
seven hydrophobic segments which represent putative 
membrane-spanning domains (Fig. 19) . 

The predicted amino acid sequences of the opossum 
kidney, rat bone and human kidney PTH/PTHrp receptors 
indicate that they do not fit comfortably into either of 
lCf these G-protein linked receptor subfamilies. Overall 
homology of the rat and human PTH/PTHrP receptors with 
the glycopeptide receptor and adrenergic/muscarinic 
subfamilies is approximately 10 to 20%, with a somewhat 
higher degree of homology within the transmembrane 
15) domains. The latter is to be expected because of the 
limited menu of hydrophobic amino acids that could occur 
in those regions. Twenty percent homology is far less 
than that found among the receptors generally accepted to 
be members of each of these subfamilies. Additionally, 
2p there are no portions of these sequences that have what 
could be characterized as intense homology (i.e., exactly 
matching amino acid sequences) , even over limited 
regions . 

Recent comparison with the newly characterized 
25/ secretin and calcitonin receptors (Ishihara et al., EMBO 
J 10:1635, 1991; Lin et al., Science 254:1022, 1991) has 
revealed between 30 and 40% identity between these 
receptors and the PTH/PTHrP receptor. Although the 
PTH/PTHrP receptor is more than 100 amino acids longer 
30 than the calcitonin receptor, there is an -32% identify 
between the amino acid sequences of the opossum kidney 
PTH/PTHrP receptor (SEQ ID NO NO.: 2) and porcine kidney 
calcitonin receptor (GenBank accession no. M74420) . A 
stretch of 17 out of 18 amino acids in the putative 
35 transmembrane domain VII are identical. Also, two out of 
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four N-linked glycoslyation sites and the position of 
seven out of eight potentially extracellular cysteines 
are conserved. Major differences between the two 
receptors appear to lie in their NH 2 -terminal and COOH- 
terminal domains. Comparison of amino acid sequences of 
the rat secretin receptor (GenBank accession no. X59132) 
and the human PTH/PTHrP receptor indicates that there is 
a 43% identity between these two receptors, with a 
stretch of 21 out of 25 amino acids of the putative 
transmembrane domain VII being identical. The similarity 
between the PTH/PTHrP, calcitonin and secretin receptors 
suggests that they represent a new family of seven 
transmembrane-spanning G protein-coupled receptors that 
activate adenylate cyclase. Given the amino acid 
sequences of these receptors, those skilled in the art 
would be able to compare these sequences for regions of 
identity which would be useful in the design of nucleic 
acid probes which could then be used for the 
identification and isolation of other receptors which 
would belong to this family. 



Deposit of Clones 

Under the terms of the Budapest Treaty on the 
International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure, the 
2$ cDNA expression plasmids R15B, OK-0, and OK-H; the phage 
HPG1; and a plasmid (termed 8A6) containing part of the 
human clone have been deposited with the American Type 
Culture Collection (ATCC) , where they bear the respective 
accession numbers ATCC No. 68571, 68572, 68573, 40998 and 
3(J 68570. Applicants 1 assignee, The General Hospital 
Corporation, represents that the ATCC is a depository 
af fording permanence of the deposits and ready 
| accessibility thereto by the public if a patent is 
granted. ■ All restrictions on the availability to the 
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public of the material so deposited will be irrevocably 
^removed upon the granting of a patent. The material will 
be available during the pendency of the patent 
application to one determined by the Commissioner to be 
entitled thereto under 37 CFR 1.14 and 35 U.S. C. 122. 
The deposited material will be maintained with all the 
care necessary to keep it viable and uncontaminated for a 
period of at least five years after the most recent 
request for the furnishing of a sample of the deposited 
10 plasmid, and in any case, for a period of at least thirty 
(30) years after the date of deposit or for the 
enforceable life of the patent, whichever period is 
longer. Applicants' assignee acknowledges its 
responsibility to replace the deposits should the 
15 1 depository be unable to furnish a sample when requested 
due to the condition of the deposit. 
JEL ^^ lj^^ ]Pjg* ^^^P 1 . ^? . 

Polypeptides according to the invention include 
the opossum and rat and human parathyroid hormone 
2)0 receptors as shown in Figs. 1-3 and 6, respectively, and 
any other naturally-occurring receptor which can be 
produced by methods analogous to those used to clone and 
express these receptors, or by methods utilizing as a 
probe all or part of one of the sequences described 
2$ herein. In addition, any analog or fragment of a PTH 

receptor capable of binding to a parathyroid hormone or a 
parathyroid hormone-related protein is within the 
invention. 

Specific receptor analogs of interest include 
3 0 full-length or partial receptor proteins having an amino 
acid sequence which differs only by conservative amino 
acid substitutions: for example, substitution of one 
amino acid for another of the same class (e.g., valine 
for glycine; arginine for lysine, etc.), or by one or 
35 j more non-conservative amino-acid substitutions, 
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I deletions, or insertions located at positions which do 
not destroy the receptor's ability to bind to parathyroid 
hormone or parathyroid hormone-related protein. 

Specific receptor fragments of particular interest 
include, but are not limited to, portions of the receptor 
deduced to be extracellular from the primary amino acid 
sequence, using a hydrophobicity/hydrophilicity 
calculation such as the Chou-Fasman method (see, e.g., 
Chou and Fasman, Ann. Rev. Biochem. 47:251, 1978). 
Hydrophilic domains, particularly ones surrounded by 
hydrophobic stretches (e.g., transmembrane domains ) of at 
least 10 amino acids, present themselves as strong 
candidates for extracellular domains. Fig. 21 
illustrates a predicted arrangement of extracellular, 
intracellular, and transmembrane domains of one PTH 
receptor. 

Examples of specific PTH receptor fragments 
include those with the following amino acid sequences 
(shown as standard single-letter symbols) , derived from 
the deduced amino acid sequence of the R15B clone: 
Extracellular domains: 

RP-1: TNETREREVFDRLGMIYTVG (SEQ ID NO. : 5) 
RP-2: VLYSGFTLDEAERLTEEEL (SEQ ID NO. : 6) 
RP-3: VTFFLYFLATNYYWILVEG (SEQ ID NO. : 7) 
RP-4: Y-RATLANTGCWDLSSGHKKWIIQVP (SEQ ID NO.: 8) 
RP-5: PYTEVSGTLWQIQMHYEM (SEQ ID NO. : 9) 
RP-6: DDVFTKEEQIFLLHRAQA (SEQ ID NO. : 10) 

Intracellular domains: 
RPi-7: FRRLHCTRNY (SEQ ID NO. : 11) 
RPi-8: EKKYLWGFTL (SEQ ID NO. : 12) 
VRPi-9: • VLATKLRETNAGRCDTRQQYRKLLK - (SEQ ID NO, : 13) 
These fragments were synthesized and purified by HPLC 
according to the method of Keutmanri et al . , 
(Endocrinology 117: 1230, 1984). 
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EXPRESSION OF POLYPEPTIDES 

Polypeptides according to the invention may be 
produced by expression from a recombinant nucleic acid 
having a sequence encoding part or all of a cell receptor 
of the invention, using any appropriate expression 
system: e.g., transformation of a suitable host cell 
(either prokaryotic or eukaryotic) with the recombinant 
nucleic acid in a suitable expression vehicle (e.g., 
pcDNAI) . The precise host cell used is not critical to 
10 the invention; however, in the case wherein the 

polypeptides of the invention include all or part of the 
PTH/PTHrP receptor, the following host cells are 
preferred: COS cells, LLC-PK1 cells, OK cells, AtT20 
cells, and CHO cells. The method of transfection and the 
15 choice of expression vehicle will depend on the host 

system selected. Mammalian cell transfection methods are 
described, e.g., in Ausubel et al. (Current Protocols in 
Molecular Biology, John Wiley & Sons, New York, 1989); 
expression vehicles may be chosen from those discussed, 
20 e.g., in Cloning Vectors: A Laboratory Manual (P.H. 
Pouwels et al., 1985, Supp. 1987). Stably transfected 
cells are produced via integration of receptor DNA into 
the host cell chromosomes. Suitable DNAs are inserted 
into pcDNA, pcDNAI-Neo, or another suitable plasmid, and 
25 then cells are transfected with this plasmid with or 
without cotransfection with psV-2-Neo, or psV-2-DHFR by 
standard electroporation, calcium phosphate, and/or 
DEAE/Dextran techniques. Selection of transfected cells 
^is performed using progressively increasing levels of 
30 G418 (Genet icin, GIBCO) , and if necessary, methotrexate. 

DNA sequences encoding the polypeptides of the 
invention can also be expressed in a prokaryotic host 
cell. DNA encoding a cell receptor or receptor fragment 
is carried on a vector operably linked to control signals 
35 capable of effecting expression in the prokaryotic host. 



WO 92/17602 



PCTVUS92/02821 



- 38 ^ 

If desired, the coding sequence may contain, at its 5 1 
end, a sequence encoding any of the known signal 
sequences capable of effecting secretion of the expressed 
protein into the periplasmic space of the host cell, 
5 thereby facilitating recovery of the protein and 

subsequent purification. Prokaryotes most frequently 
used are various strains of IL_coli; however / other 
microbial strains may also be used. Plasmid vectors are 
used which contain replication origins, selectable 
10 markers, and control sequences derived from a species 

compatible with the microbial host. For example, E. coli 
may be transformed using derivatives of pBR322, a plasmid 
constructed by Bolivar et al. (Gene 2: 95, 1977) using 
fragments derived from three naturally-occurring 
15 plasmids, two isolated from species of Salmonella, and 
one isolated from E. coli . pBR3 22 contains genes from 
ampicillin and tetracycline resistance/ and thus provides 
multiple selectable markers which can be either retained 
or destroyed in constructing the desired expression 
20 vector. Commonly used prokaryotic control sequences 

(also referred to as "regulatory elements") are defined 
herein to include promoters for transcription initiation, 
optionally with an operator, along with ritiosome binding 
site sequences. Promoters commonly used to direct 
25 protein: expression include the beta- lactamase 

(penicillinase) , the lactose (lac) (Chang et al. , Nature 
198 ; 1056, 1977); and the tryptophan (Trp) promoter 
systems (Goeddel et al. , Nucl. Acids Res. 8: 4057, 1980) 
as well as the lambda-derived P^ promoter and N-gene 
ribosome binding site (Simatake et al., Nature 292:128, 
1981) . 

r , T * The nature of the cell receptor proteins of the 

\J" t invention is such that, upon expression within a cell, it 
is moved to the cellular membrane and partially through 
35 the membrane, so that part of it remains embedded in the 
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membrane, part extends outside the cell, and part remains 
within the cell. Transformed cells bearing such embedded 
cell receptors may themselves be employed in the methods 
of the invention, or the receptor protein may be 
5 extracted from the membranes and purified. 

Expression of peptide fragments lacking the 
hydrophobic portions of the protein responsible for 
anchoring the intact protein in the cellular membrane 
would not be expected to become embedded in the membrane; 

10 whether they remain within the cell or are secreted into 
the extracellular medium depends upon whether or not a 
mechanism promoting secretion (e.g., a signal peptide) is 
included. If secreted, the polypeptide of the invention 
can be harvested from the medium; if not, the cells must 

15 be broken open and the desired polypeptide isolated from 
the entire contents of the cells. Specific examples of 
polypeptides which might be expressed include, without 
limitation: 

1) Amino-terminal portion comprising amino acids 
20 1-192, including the putative leader sequence, of the rat 

bone PTH/PTHrP receptor as shown in Fig. 3. 

2) Amino-terminal portion comprising amino acids 
27-192, excluding the putative leader sequence, of the 
rat bone PTH/PTHrP receptor as shown in Fig. 3. 

25 3) The full-length PTH/PTHrP receptor from rat 

bone, as shown in Fig 3. 

4) RP-1 (as described above) . 

5) RP-2 (as described above) . 

The polypeptide of the invention can be readily 
30 purified using affinity chromatography. Antibodies to 
these polypeptides, or the receptor specific ligands, 
(e.g., the hormones PTH and PTHrP for the PTH/PTHrP 
receptor) may be covalently coupled to a solid phase 
support such as Sepharose 4 CNBr-activated sepharose 
35 (Pharmacia) , and used to separate the polypeptide of the 
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invention from any contaminating substances. Typically 1 
mg of ligand or antibody will be incubated with CNBr- 
activated sepharose at 4°C for 17-20 h (with shaking)/ 
The sepharose is rinsed with 1 M Tris HCL (pH8) to block 
5 excess active sites. The sepharose-PTH , sepharose-PTHrP, 
or sepharose-antibody is then incubated with the crude 
polypeptide in phosphate-buffered saline (pH 7.4) at 4°C 
for 2 h (with shaking) . The sepharose is then typically 
packed in a column, thoroughly washed with PBS (typically 

10 10 times the column volume), and eluted with dilute HCl 
in H 2 0 (pH 1.85). The eluate may then be concentrated by 
lyophylizatiori and its purity checked, for example, by 
reverse phase HPLC. 
: ANTI-CELL RECEPTOR ANTIBODIES 

15 Cell receptor or receptor fragments of the 

invention may be used to generate antibodies by any 
conventional method well known to those skilled in the 
art, including those which generate polyclonal antibodies 
and those which generate monoclonal antibodies. For 

20 example, the deduced amino acid sequence of the PTH 

receptor reveals a protein structure that appears to have 
several transmeriibrane (i.e., hydrophobic) domains 
interspersed with presumably extracellular and 
intracellular regions (see Fig. 21) analogous to those 

25 found in other G protein-linked receptors. This 

information can be used to guide the selection of regions 
of the receptor protein which would be likely to be 
exposed on the cell surface, and thus would be presented 
to antibodies in vivo . A short peptide representing one 

30 or more of such regions may be synthesized (e.g./ 

chemically or by recombinant DNA techniques) and used to 
immunize an animal (e.g., a rabbit or a mouse) to 
generate polyclonal or monoclonal antibodies. For 
example, certain of the peptides of the PTH/PTHrP 

35 receptor listed above (RP-1, RP-5 and RP-6) have been 
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chemically synthesized using standard techniques and used 
to generate polyclonal antibodies in rabbits by the 
following procedure: 

A preparation of a given peptide emulsified with 
5 complete Freund's Adjuvant is injected intradermally into 
rabbits. Booster injections are emulsified in or 
complete adjuvant and injected at monthly intervals. 

Antibody titer is assessed using either of two 
methods. First, serial dilutions of the antiserum in 1% 

• 125 

10 normal rabbit serum are incubated with I-labelled 
PTH/PTHrP receptor fragment by standard methods (e.g., 
see Segre et al., supra) for 24 h at 4° C. The bound 

I-PTH/PTHrP receptor fragments are separated from 
unbound by addition of 100 /il of second antibody (anti- 

15 rabbit IgG, Sigma) diluted 1:20 and 1 ml of 5% 

polyethylene glycol, followed by centrifugation at 2000 
rpm for 30 min. at 4° C. The supernatant is removed and 
the pellet analyzed for radioactivity in a 7-counter. In 
the second method, cell lines expressing either native 

20 (e.g., ROS 17/2.8, OK, SaOS-02 cells) or recombinant (COS 
cells or CHO cells transfected with R15B, OK-0 or OK-H) 
PTH/PTHrP receptors are incubated with serially diluted 
antibody at 4°C, 20°C or 37°C for 

1- 4 h. The cells are rinsed with PBS (x3) and incubated 
25 for 2 h at 4°C with 125 I-labelled (NEN, Dupont) or FITC- 
labelled (Sigma) second antibodies. After rinsing (x3 
with PBS), the cells were either lysed with 0.1 M NaOH 
and counted in 7-counter (if 125 I-labelled second antibody 
was used) or fixed with 1% paraformaldehyde and examined 
30 by fluorescent microscopy (if FITC-labelled second 
antibody was used) . 

Another method for producing antibodies utilizes 
as antigen the intact cell receptor protein of the 
invention expressed on the surface of cells (e.g., 
35 mammalian cells, such as COS cells, transfected with DNA 
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encoding the receptor) - Such cells are prepared by 
standard techniques, e.g., by the DEAE-dextran 
transfection method, using a vector encoding and capable 
of directing high-level expression of the cell receptor. 
5 Such cells may be used to generate polyclonal or 
monoclonal antibodies. For example, monoclonal 
antibodies specific for the PTH/PTHrP receptor may be 
produced by the following procedure: 

Intact COS cells expressing high levels of rat 

10 recombinant PTH receptors on the cell surface are 

injected intraperitoneal ly (IP) into Balb-c mice (Charles 
River Laboratories, Willmington, MA) . The mice are 
boosted every 4 weeks by IP injection, and are 
hyper immunized by an intravenous (IV) booster 3 days 

15 before fusion. Spleen cells from the mice are isolated 
and are fused by standard methods to myeloma cells. 
Hybridomas are selected in standard 

hypoxanthine/aminopterin/thymine (HAT) medium, according 
to standard methods. Hybridomas secreting antibodies 

20 which recognize the PTH receptor are initially identified 
by screening with cell lines which naturally express 
abundant copies of the PTH-receptor per cell (such as 
ROS17/2.8 or OK cells), using standard immunological 
techniques. Those hybridomas which produce antibodies 

25 capable of binding to the PTH receptor are cultured and 
subcloned. Secondary screening with radioreceptor and 
cAMP stimulation assays can then be performed to further 
characterize the monoclonal antibodies (see below) • 
SCREENING FOR PTH RECEPTOR ANTAGONISTS AND AGONISTS 

30 The polypeptides and antibodies of the invention 

and other compounds may be screened for PTH-competition 
and for antagonistic or agonistic properties using the 
assays described herein. 

In one example, those antibodies that recognize 

35 the PTH receptor on the intact cells are screened for 
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their ability to compete with PTH or PTHrP for binding to 
a PTH/ PTHrP receptor. Cells expressing PTH receptor on 

• 125 

the cell surface are incubated with the I -PTH analog, 
125 I-NlePTH or 125 I-PTHrP in the presence or absence of 
5 the polyclonal or monoclonal antibody to be tested, for 4 
h at 15 °C. The antibody used may be from crude 
antiserum, cell medium, or ascites, or in purified form. 
After incubation, the cells are rinsed with binding 
buffer (e.g., physiological saline), lysed, and 

10 quantitatively analyzed for radioactivity using a gamma- 
counter. Antibodies that reduce binding of the PTH 
analog to the PTH receptor are classified as competitive; 
those which do not are noncompetitive. 

Compounds, including antibodies and polypeptides, 

15 may be screened for their agonistic or antagonistic 
properties using the cAMP accumulation, intracellular 
calcium, and/or inositol phosphate assays described 
above. Cells expressing PTH receptor on the cell surface 
are incubated with PTH, PTH-receptor antibody, or a 

20 combination of both, for 5-60 minutes at 37°C, in the 
presence of 2 mM IBMX (3-isobutyl-l-methyl-xanthine, 
Sigma, St. Louis, MO) . Cyclic AMP accumulation is 
measured by specific radio-immunoassay , as described 
above. A compound that competes with PTH for binding to 

25 the PTH receptor, and that inhibits the effect of PTH on 
cAMP accumulation, is considered a competitive PTH 
antagonist. Conversely, a compound that does not compete 
for PTH binding to the PTH receptor, but which still 
prevents PTH activation of cAMP accumulation (presumably 

30 by blocking the receptor activation site) is considered a 
non-competitive antagonist. A compound that competes 
with PTH for binding to the PTH receptor, and which 
stimulates cAMP accumulation in the presence or absence 
of PTH, is a competitive agonist. A compound that does 

35 not compete with PTH for binding to the PTH receptor but 
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which is still capable of stimulating cAMP accumulation 
in the presence or absence of PTH, or which stimulates a 
higher accumulation than that observed by PTH alone, 
would be considered a non-competitive agonist. 
5 USE 

The polypeptides, antibodies, and other compounds 
of the invention are useful for the diagnosis, 
classification, prognosis, and/or treatment of disorders 
which may be characterized as related to the interaction 

10 between a cell receptor of the invention and its specific 
ligand. For example, some forms of hypercalcemia and 
hypocalcemia are related to the interaction between PTH 
and PTHrP and the PTH /PTHrP receptor (s) . Hypercalcemia 
is an condition in which there is an abnormal elevation 

15 in serum calcium level; it is often associated with other 
diseases, including hyperparathyroidism, osteoporosis, 
carcinomas of the breast, lung and prostrate, epidermoid 
cancers of the head and neck of the esophagus, multiple 
myeloma, and hypernephroma. Hypercalcemia, a condition in 

20 Which the serum calcium level is abnormally low, may 
result from a deficiency of effective PTH, e.g. , 
following thyroid surgery. 

In a first example, the compounds of the invention 
are used to manufacture diagnostic agents which are used 

25 as diagnostic tools to diagnose hypercalcemia and to 
distinguish between hypercalcemic conditions, i.e., to 
differentiate hypercalcemia mediated by PTH or PTHrP 
(e.g., hyperparathyroidism and humoral hypercalcemia of 
malignancy), from hypercalcemia associated with diseases 

30 which do not involve these factors (e.g. / local 

osteolytic hypercalcemia mediated by the presence of 
metastatic tumor cells in direct contact with bone, and 
certain rare types of malignancy-related hypercalcemias 
mediated by an increase of humoral factors, such as 

35 osteoclast activating factor (inter leukin) , lymphotoxin, 
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calcitriol, type E prostaglandins, and vitamin D-like 
sterols) . 

In one method of diagnosis, serum total and/ or 
ionized calcium levels are measured by standard 
5 techniques before and after the administration of the PTH 
or PTHrP antagonists of the invention. PTH or PTHrP 
related hypercalcemias would be detectable as a decrease 
in serum calcium levels following administration of the 
antagonist of the invention. In contrast, for 

10 hypercalcemic conditions mediated by factors other than 
PTH or PTHrP, the serum calcium levels would remain 
unchanged even after administration of the antagonist. 

Another diagnostic application of the invention 
permits measurement of the level of PTH or PTHrP in a 

15 biological sample in order to diagnose PTH or PTHrP 

related tumors, e.g., tumors which are associated with 
humoral hypercalcemia of malignancy, and for monitoring 
. the levels of PTH or PTHrP during cancer therapy. This 
method involves assaying binding of the recombinant 

20 parathyroid hormone receptor of the invention to PTH or 
PTHrP present in a tissue sample, using the binding assay 
described herein. The level of binding may be determined 
directly (e.g., by using radioactively labelled PTH 
receptor, and assaying the radioactivity bound to 

25 endogenous PTH) . Alternatively, binding of PTH receptor 
to the sample (e.g., a tissue section) may be followed by 
staining of the tissue sections with an antibody specific 
for the PTH receptor, using standard immunological 
techniques (Chin et al., Hybridoma 5:339, 1986). 

30 In a third diagnostic approach, one could stably 

transfect cell lines (by the methods described in Ausubel 
et al., Current Protocols in Molecular Biology , Wiley 
Publishers, New York, 1987) with a PTH receptor gene 
linked to an appropriate promoter (e.g., the 

35 metallothionine promoter). Alternatively, the PTH /PTHrP 
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receptor could be expressed from a eukaryotic vector, 
i.e., pcDNAI, and cotransf ected with a mutant DHFR gene 
that will allow further gene amplification via 
methotrexate selection (Simonsen et-al., Proc. Natl. 
5 Acad. Sci., 80:2495-2499, 1983) . Such high-level 
expression of the gene produces an immortal cell line 
which is oversensitive to PTH or PTHrP. Such cells 
provide a particularly useful tool for detecting serum 
blood levels of PTH or PTHrP. Such a cell line may be 

10 used for diagnosis of conditions involving elevated PTH 
or PTHrP levels (e.g., those described above) or for 
conditions involving unusually low levels of PTH or PTHrP 
(e.g., those described above). Such a cell line is also 
useful for monitoring the regression or increase of PTH 

15 or PTHrP levels during therapy for hypercalcemia or 
hypocalcemia, respectively. 

A patient who is suspected of being hypercalcemic 
may be treated using the compounds of the invention. 
Rapid intervention is important because symptoms may 

20 appear abruptly and, unless reversed, can be fatal. In 
one application, serum calcium levels are stabilized by 
an immediate course of treatment which includes 
antagonists of PTH or PTHrP. Such antagonists include 
the compounds of the invention which have been determined 

25 (by the assays described herein) to interfere with PTH 
receptor-mediated cell activation. To administer the 
antagonist, the appropriate antibody or peptide (is used 
in the manufacture of a medicament, generally by being 
formulated in an appropriate carrier such as 

30 physiological saline, and administered intravenously, at 
a dosage that provides adequate competition for PTH or 
PTHrP binding to the PTH receptor (e.g., a dosage 
sufficient to lower the serum calcium level to below 
10 mg/dl) . Typical dosage would be 1 ng to 10 mg of the 

35 antibody or peptide per kg body weight per day. 
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Treatment may be repeated as necessary for long term 
maintenance of acceptable calcium levels (i.e., levels < 
10.1 mg/dl) . This may be necessary for acute treatment 
of an underlying disease condition triggering 
5 hypercalcemia; or it may used, e.g., for chronic 
treatment of conditions such as osteoporosis. 

In another application, the compounds of the 
invention which have been characterized, according to the 
methods of the invention, to be agonists are used 

10 therapeutically to treat hypocalcemia: e.g., that 

resulting from the partial or complete surgical removal 
of the parathyroid glands. Agonists may be formulated in 
a suitable carrier (e.g., physiological saline) and are 
preferably administered intravenously in a dosage that 

15 causes a rise in serum calcium to an acceptable level 
(i.e., approximately 8 mg/dl). A useful dosage range 
would be 1 ng to 10 mg of the agonist per kg body weight 
per day. Treatment may be repeated as necessary to 
maintain suitable serum calcium levels; long term 

20 treatment may be necessary for patients who have 
undergone parathyroid gland removal. 

The nucleic acids of the invention may also be 
used therapeutically. Oligonucleotides which are 
antisense to PTH receptor mRNA (or nucleic acid 

25 constructs which express RNA that is antisense to PTH 
receptor mRNA) may be utilized as an anticancer therapy. 
This approach is useful, e.g., for hypercalcemias 
resulting from a genomic rearrangement or amplification 
which increases the amount or activity of PTH receptor, 

30 PTH or PTHrP. The method would involve introduction of 
the antisense oligonucleotide into the tumor cells in 
vivo. The antisense strand hybridizes with endogenous 
PTH receptor mRNA, interfering with translation of the 
protein, thereby reducing production of PTH receptor in 

35 such cells, and reducing PTH/PTHrP-associated neoplastic 



WO 92/17602 



PCT/US92/02821 



- 48 - 

growth. Methods for antisense design and introduction 
: into host cells are described, for example, in Weinberg 
et al., U.S. Patent No. 4,740,463, herein incorporated by 
reference. The biochemical characterization of the OK^ 
5 H, OK-0 and R15B PTH/PTHrP receptors of the invention 
demonstrate that the two transduction pathways now known 
to be triggered by the interaction of PTH with its 
receptor are distinct and may be separated. The 
predicted amino acid sequences of these receptors 

10 indicate that OK-H, which does not appear to activate 
inositol phosphate metabolism to any detectable degree, 
is 70 amino acids shorter at the carboxy-terminus than 
OK-0 or R15B. By using the sequences of the invention 
and the information disclosed herein, one could clone and 

15 then alter (e.g. by site-directed mutagenesis) PTH/PTHrP 
receptor genes from any species to generate PTH/PTHrP 
receptors which do not activate phospholipase C. This 
could potentially allow the separation of different PTH- 
mediated actions, including bone resorption and bone 

20 formation, and could of great importance for the 

treatment of various bone disorders such as osteoporosis. 

Nucleic acids of the invention which encode a PTH 
receptor may also be linked to a selected tissue-specific 
promoter and/or enhancer and the resultant hybrid gene 

25 introduced, by standard methods (e.g., as described by 
Leder et al., U.S. Patent No. 4,736,866, herein 
incorporated by reference), into an animal embryo at an 
early developmental stage (e.g., the fertilized oocyte 
stage), to produce a transgenic animal which expresses 

30 elevated levels of PTH receptor in selected tissues 
(e.g., the osteo calcin promoter for bone). Such 
promoters are used to direct tissue-specific expression 
•of the PTH receptor in the transgenic animal. The form 
of PTH receptor utilized can be one which encodes a PTH 

35 receptor similar to that of the animal species used, or 
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it can encode the PTH receptor homolog of a different 
species. In one particular example , transgenic chickens 
are engineered to express the PTH receptor from a 
promoter which directs high-level expression in chicken 
5 oviducts. Such an animal is expected to produce eggs 
with higher calcium content, and thus harder shells. 

Other Embodiments 
Other embodiments are within the following claims. 
For example, the nucleic acid of the invention includes 

10 genes or cDNAs or RNAs originally isolated from any 
vertebrate species, including birds or mammals such as 
marsupials, rodents, or humans. The high degree of 
homology demonstrated for the PTH receptors from such 
diverse species as opossum, rat, and human indicates that 

15 the methods of isolating PTH receptors disclosed herein 
will be broadly applicable to the isolation of related 
cell receptors from a wide variety of species. 
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te) TELEX: 200154 
(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1862 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQUENCE ID NO: 1: 

TGGGCACAGC CACCCTGTTG GTAGTCCAGG GGCCAGCCCA CTGAGCTGGC ATATCAGCTG 
GTGGCCCCGT TGGACTCGGC CCTAGGGAAC GGCGGCG ATG GGA GCG CCC CGG ATC 

Met Gly Ala Pro Arg lie 
1 5 



60 
115 



TCG CAC AGC CTT GCC TTG CTC CTC TGC TGC TCC GTG CTC AGC TCC GTC 
Ser His Ser Leu Ala Leu Leu Leu Cys Cys Ser Val Leu Ser Ser Val 
10 15 20 



163 



TAC GCA CTG GTG GAT GCC GAT GAT GTC ATA ACG AAG GAG GAG CAG ATC 
Tyr Ala Leu Val Asp Ala Asp Asp Val lie Thr Lys Glu Glu Gin lie 
25 30 35 



211 



ATT CTT CTG CGC AAT GCC CAG GCC CAG TGT GAG CAG CGC CTG AAA GAG 259 
lie Leu Leu Arg Asn Ala Gin Ala Gin Cys Glu Gin Arg Leu Lys Glu 
40 45 50 

GTC CTC AGG GTC CCT GAA CTT GCT GAA TCT GCC AAA GAC TGG ATG TCA 307 
Val Leu Arg Val Pro Glu Leu Ala Glu Ser Ala Lys Asp Trp Met Ser 
55 60 65 70 



AGG TCT GCA AAG ACA AAG AAG GAG AAA CCT GCA GAA AAG CTT TAT CCC 
Arg Ser Ala Lys Thr Lys Lys Glu Lys Pro Ala Glu Lys Leu Tyr Pro 

75 80 85 



355 



CAG GCA GAG GAG TCC AGG GAA GTT TCT GAC AGG AGC CGG CTG CAG GAT 
Gin Ala Glu Glu Ser Arg Glu Val Ser Asp Arg Ser Arg Leu Gin Asp 
90 95 100 



403 



GGC TTC TGC CTA CCT GAG TGG GAC AAC ATT GTG TGC TGG CCT GCT GGA 
Gly Phe Cys Leu Pro Glu Trp Asp Asn lie Val Cys Trp Pro Ala Gly 
105 110 115 



451 



GTG CCC GGC AAG GTG GTG GCC GTG CCC TGC CCC GAC TAC TTC TAC GAC 
Val Pro Gly Lys Val Val Ala Val Pro Cys Pro Asp Tyr Phe Tyr Asp 
120 125 130 



499 



TTC AAC CAC AAA GGC CGA GCC TAT CGG CGC TGT GAC AGC AAT GGC AGC 
Phe Asn His Lys Gly Arg Ala Tyr Arg Arg Cys Asp Ser Asn Gly Ser 
135 140 145 150 



547 
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TGG GAG CTG GTG CCT GGG AAC AAC CGG ACA TGG GCG AAT TAC AGO GAA 595 
Trp Glu Leu Val Pro Gly Asn Asn Arg Thr Trp Ala Asn Tyr Ser Glu 
155 160 165 

TGT GTC AAG TTT CTG ACC AAC GAG ACC CGG GAA CGG GAA GTC TTT GAT 643 
Cys Val Lye Phe Leu Thr Asn Glu Thr Arg Glu Arg Glu Val Phe Asp 
170 175 180 

CGC CTC GGA ATG ATC TAC ACT GTG GGC TAC TCC ATC TCT CTG GGC TCC 691 
Arg Leu Gly Met lie Tyr Thr Val Gly Tyr Ser lie Ser Leu Gly Ser 
185 190 195 

CTC ACT GTG GCT GTG CTG ATT CTG GGT TAC TTT AGG AGG TTA CAT TGC 739 
Leu Thr Val Ala Val Leu lie Leu Gly Tyr Phe Arg Arg Leu His Cys 

200 205 '.. 210 

ACC CGA AAC TAC ATT CAC ATG CAT CTC TTC GTG TCC TTT ATG CTC CGG 787 
Thr Arg Asn Tyr He His Met His Leu Phe Val Ser Phe Met Leu Arg 
215 220 225 230 

GCT GTA AGC ATC TTC ATC AAG GAT GCT GTG CTC TAC TCG GGG GTT TCC 835 
Ala Val Ser lie Phe lie Lys Asp Ala Val Leu Tyr Ser Gly Val Ser 
235 240 245 

ACA GAT GAA ATC GAG CGC ATC ACC GAG GAG GAG CTG AGG GCC TTC ACA 883 
Thr Asp Glu lie Glu Arg lie Thr Glu Glu Glu Leu Arg Ala Phe Thr 
250 . 255 260 

GAG CCT CCC CCT GCT GAC AAG GCG GGT TTT GTG GGC TGC AGA GTG GCG 931 
Glu Pro Pro Pro Ala Asp Lys Ala Gly Phe Val Gly Cys Arg Val Ala 
265 270 275 

GTA ACC GTC TTC CTT TAC TTC CTG ACC ACC AAC TAC TAC TGG ATC CTG 979 
Val Thr Val Phe Leu Tyr Phe Leu Thr Thr Asn Tyr Tyr Trp He Leu 
280 285 290 

GTG GAA GGC CTC TAC CTT CAC AGC CTC ATC TTC ATG GCT TTT TTC TCT 1027 
Val Glu Gly Leu Tyr Leu His Ser Leu lie Phe Met Ala Phe Phe Ser 
295 300 305 310 

GAG AAA AAG TAT CTC TGG GGT TTC ACA TTA TTT GGC TGG GGC CTC CCT 1075 
Glu Lys Lys Tyr Leu Trp Gly Phe Thr Leu Phe Gly Trp Gly Leu Pro 
315 320 325 

GCC GTG TTT GTC GCT GTG TGG GTG ACC GTG AGG GCT ACA CTG GCC AAC 1123 
Ala Val Phe Val Ala Val Trp Val Thr Val Arg Ala Thr Leu Ala Asn 
330 335 340 

ACT, GAG TGC TGG GAC CTG AGT TCG GGG AAT AAG AAA TGG ATC ATA CAG 1171 
Thr Glu Cys Trp Asp Leu Ser Ser Gly Asn Lys Lys Trp He lie Gin 
345 350 355 
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GTG CCC ATC CTG GCA GCT ATT GTG GTG AAC TTT ATT CTT TTT ATC AAT 1219 
Val Pro lie Leu Ala Ala lie Val Val Asn Phe lie Leu Phe lie Asn 
360 365 370 

ATA ATC AGA GTC CTG GCT ACT AAA CTC CGG GAG ACC AAT GCA GGG AGA 1267 
lie lie Arg Val Leu Ala Thr Lys Leu Arg Glu Thr Asn Ala Gly Arg 
375 380 385 390 

TGT GAC ACG AGG CAA CAG TAT AGA AAG CTG CTG AAG TCC ACG CTA GTC 1315 
Cys Asp Thr Arg Gin Gin Tyr Arg Lys Leu Leu Lys Ser Thr Leu Val 
395 400 405 

CTC ATG CCG CTA TTT GGG GTG CAC TAC ATC GTC TTC ATG GCC ACG CCG 1363 
Leu Met Pro Leu Phe Gly Val His Tyr lie Val Phe Met Ala Thr Pro 
410 415 420 

TAC ACA GAA GTA TCA GGG ATT CTT TGG CAA GTC CAA ATG CAC TAT GAA 1411 
Tyr Thr Glu Val Ser Gly He Leu Trp Gin Val Gin Met His Tyr Glu 
425 430 435 

ATG CTC TTC AAT TCA TTC CAG GGA TTT TTC GTT GCC ATT ATA TAC TGT 1459 
Met Leu Phe Asn Ser Phe Gin Gly Phe Phe Val Ala He He Tyr Cys 
440 445 450 

TTC TGC AAT GGA GAG GTA CAA GCA GAG ATC AAG AAG TCA TGG AGC CGA 1507 
Phe Cys Asn Gly Glu Val Gin Ala Glu He Lys Lys Ser Trp Ser Arg 
455 460 465 470 

TGG ACC CTG GCC TTG GAC TTC AAG CGG AAG GCC CGG AGT GGC AGC AGT 1555 
Trp Thr Leu Ala Leu Asp Phe Lys Arg Lys Ala Arg Ser Gly Ser Ser 
475 480 485 

ACC TAC AGC TAT GGC CCC ATG GTG TCA CAT ACA AGT GTC ACC AAT GTG 1603 
Thr Tyr Ser Tyr Gly Pro Met Val Ser His Thr Ser Val Thr Asn Val 
490 495 500 

GGA CCT CGA GGG GGC TGG CCT TGT CCC TCA GCC CTC GAC TAGCTCCTGG 1652 
Gly Pro Arg Gly Gly Trp Pro Cys Pro Ser Ala Leu Asp 
505 510 515 



GGCTGGAGCC AGTGCCAATG GCCATCACCA 
TTCTGAGAAC TCATTGCCTT CATCTGGCCC 
CAATGGCTCT GGACTTTATG AGCCAATGGT 
GGAGAGAGAG ACAGTCATGT GACCCATATC 



GTTGCCTGGC TATGTGAAGC ATGGTTCCAT 1712 
AGAGCCTGGC ACCAAAGATG ACGGGTATCT 1772 
TGGGGAACAG CCCCCTCCAC TCCTGGAGGA 1832 

1862 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 

(B) TYPE: 

(C) STRANDEDNESS: 

(D) TOPOLOGY: 



(xi) SEQUENCE 



1863 

hucleic acid 
single 
linear 



DESCRIPTION: SEQUENCE ID NO: 2\ 



TGGGCACAGC CACCCTGTTG GTAGTCCAGG GGCCAGCCCA CTGAGCTGGC ATATCAGCTG 60 

GTGGCCCCGT TGGACTCGGC CCTAGGGAAC GGCGGCG ATG GGA GCG CCC CGG ATC 115 

Met Gly Ala Pro Arg lie 
1 5 

TCG CAC AGC CTT GCC TTG CTC CTC TGC TGC TCC GTG CTC AGC TCC GTC ; 163 
Ser His Ser Leu Ala Leu Leu Leu Cys Cys Ser Val Leu Ser Ser Val 
10 15 20 

TAC GCA CTG GTG GAT GCC GAT GAT GTC ATA ACG AAG GAG GAG CAG ATC 211 
Tyr Ala Leu Val Asp Ala Asp Asp Val He Thr Lys Glu Glu Gin He 

25 30 35 ; 

ATT CTT CTG CGC AAT GCC CAG GCC CAG TGT GAG CAG CGC pTG AAA GAG 259 
lie Leu Leu Arg Aen Ala Gin Ala Gin Cys Glu Gin Arg Leu Lys Glu 
40 45 50 

GTC CTC AGG GTC CCT GAA CTT GCT GAA TCT GCC AAA GAC TGG ATG TCA 307 
Val Leu Arg Val Pro Glu Leu Ala Glu Ser Ala Lys Asp Trp Met Ser 
55 60 65 70 

AGG TCT GCA AAG ACA AAG AAG GAG AAA CCT GCA GAA AAG CTT TAT CCC 355 
Arg Ser Ala Lys Thr Lys Lys Glu Lys Pro Ala Glu Lys Leu Tyr Pro 
75 80 85 

CAG GCA GAG GAG TCC AGG GAA GTT TCT GAC AGG AGC CGG CTG CAG GAT 403 
Gin. Ala Glu Glu Ser Arg, Glu Val Ser Asp Arg Ser Arg Leu Gin Asp 
90 95 100 



GGC TTC TGC CTA CCT GAG TGG GAC AAC ATT GTG TGC TGG CCT GCT GGA 451 
Gly Phe Cys Leu Pro Glu Trp Asp Asn He Val Cys Trp Pro Ala Gly 
105 110 115 



GTG CCC GGC AAG GTG GTG GCC GTG CCC TGC CCC GAC TAC TTC TAC GAC 499 
Val Pro Gly Lys Val Val Ala Val Pro Cys Pro As£ Tyr Phe Tyr Asp 
120 125 130 
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TTC AAC CAC AAA GGC CGA GCC TAT CGG CGC TGT GAC AGC AAT GGC AGC 547 
Phe Asn His Lys Gly Arg Ala Tyr Arg Arg Cys Asp Ser Asn Gly Ser 
135 140 145 150 

TGG GAG CTG GTG CCT GGG AAC AAC CGG ACA TGG GCG AAT TAC AGC GAA 595 
Trp Glu Leu Val Pro Gly Asn Asn Arg Thr Trp Ala Asn Tyr Ser Glu 
155 160 165 

TGT GTC AAG TTT CTG ACC AAC GAG ACC CGG GAA CGG GAA GTC TTT GAT 643 
Cys Val Lys Phe Leu Thr Asn Glu Thr Arg Glu Arg Glu Val Phe Asp 
170 175 180 

CGC CTC GGA ATG ATC TAC ACT GTG GGC TAC TCC ATC TCT CTG GGC TCC 691 
Arg Leu Gly Met lie Tyr Thr Val Gly Tyr Ser He Ser Leu Gly Ser 
185 190 195 

CTC ACT GTG GCT GTG CTG ATT CTG GGT TAC TTT AGG AGG TTA CAT TGC 739 
Leu Thr Val Ala Val Leu He Leu Gly Tyr Phe Arg Arg Leu His Cys 
200 205 210 

ACC CGA AAC TAC ATT CAC ATG CAT CTC TTC GTG TCC TTT ATG CTC CGG 787 
Thr Arg Asn Tyr He His Met His Leu Phe Val Ser Phe Met Leu Arg 
215 220 225 230 

GCT GTA AGC ATC TTC ATC AAG GAT GCT GTG CTC TAC TCG GGG GTT TCC 835 
Ala Val Ser He Phe He Lys Asp Ala Val Leu Tyr Ser Gly Val Ser 
235 240 245 

ACA GAT GAA ATC GAG CGC ATC ACC GAG GAG GAG CTG AGG GCC TTC ACA 883 
Thr Asp Glu He Glu Arg He Thr Glu Glu Glu Leu Arg Ala Phe Thr 
250 255 260 

GAG CCT CCC CCT GCT GAC AAG GCG GGT TTT GTG GGC TGC AGA GTG GCG 931 
Glu Pro Pro Pro Ala Asp Lys Ala Gly Phe Val Gly Cys Arg Val Ala 
265 270 275 

GTA ACC GTC TTC CTT TAC TTC CTG ACC ACC AAC TAC TAC TGG ATC CTG 979 
Val Thr Val Phe Leu Tyr Phe Leu Thr Thr Asn Tyr Tyr Trp He Leu 
260 265 290 

GTG GAA GGC CTC TAC CTT CAC AGC CTC ATC TTC ATG GCT TTT TTC TCT 1027 
Val Glu Gly Leu Tyr Leu His Ser Leu He Phe Met Ala Phe Phe Ser 
295 300 305 310 



GAG AAA AAG TAT CTC TGG GGT TTC ACA TTA TTT GGC TGG GGC CTC CCT 1075 
Glu Lys Lys Tyr Leu Trp Gly Phe Thr Leu Phe Gly Trp Gly Leu Pro 
315 320 325 

GCC GTG TTT GTC GCT GTG TGG GTG ACC GTG AGG GCT ACA CTG GCC AAC 1123 
Ala Val Phe Val Ala Val Trp Val Thr Val Arg Ala Thr Leu Ala Asn 
330 335 340 
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ACT GAG TGC TGG GAC CTG AGT TCG GGG AAT AAG AAA TGG ATC ATA CAG 1171 

Thr Glu Cys Trp Asp Leu Ser Ser Gly Asn Lys Lys Trp lie He Gin 

345 350 355 

GTG CCC ATC CTG GCA GCT ATT GTG GTG AAC TTT ATT CTT TTT ATC AAT 1219 
Val Pro He Leu Ala Ala lie Val Val Asn Phe He Leu Phe lie Asn 
360 365 370 

ATA ATC AGA GTC CTG GCT ACT AAA CTC CGG GAG ACC AAT GCA GGG AGA 1267 
He lie Arg Val Leu Ala Thr Lys Leu Arg Glu Thr Ash Ala Gly Arg 
375 380 385 390 

TGT GAC ACG AGG CAA CAG TAT AGA AAG CTG CTG AAG TCC ACG CTA GTC 1315 
Cys Asp Thr Arg Gin Gin Tyr Arg Lys Leu Leu Lys Ser Thr Leu Val 
395 400 405 

CTC ATG CCG ; CTA TTT GGG GTG CAC TAC ATC GTC TTC ATG GCC ACG CCG 1363 
Leu Met Pro Leu Phe Gly Val His Tyr He Val Phe Met Ala Thr Pro 
410 415 ; 420 

TAC ACA GAA GTA TCA GGG ATT CTT TGG CAA GTC CAA ATG CAC TAT GAA 1411 
Tyr Thr Glu Val Ser Gly He Leu Trp Gin Val Gin Met His Tyr Glu 
425 430 435 

ATG CTC TTC AAT TCA TTC CAG GGA TTT TTC GTT GCC ATT ATA TAC TGT 1459 
Met Leu Phe Asn Ser Phe Gin Gly Phe Phe Val Ala lie lie Tyr Cys 
\ 440 445 450 

TTC TGC AAT GGA GAG GTA CAA GCA GAG ATC AAG AAG TCA TGG AGC CGA 1507 
Phe Cys Asn Gly Glu Val Gin Ala Glu He Lys Lys Ser Trp Ser Arg 
455 460 465 470 

TGG ACC CTG GCC TTG GAC TTC AAG CGG AAG GCC CGG AGT GGC AGC AGT 1555 
Trp Thr Leu Ala Leu ABp Phe Lys Arg Lys Ala Arg Ser Gly Ser Ser 
475 480 485 

ACC TAC AGC TAT GGC CCC ATG GTG TCA CAT ACA AGT GTC ACC AAT GTG 1603 
, Thr Tyr Ser Tyr Gly Pro Met Val Ser His Thr Ser Val Thr Asn Val 
490 495 500 



GGA CCT CGA GGG GGG CTG GCC TTG TCC CTC AGC CCT CGA CTA GCT CCT 1651 
Gly Pro Arg Gly Gly Leu Ala Leu Ser Leu Ser Pro Arg Leu Ala Pro 
505 510 515 

GGG GCT GGA GCC AGT GCC AAT GGC CAT CAC CAG TTG CCT GGC TAT GTG: 1699 
Gly Ala Gly Ala Ser Ala Asn Gly His His Gin Leu Pro Gly Tyr Val 
520 525 530 

AAG CAT GGT TCC ATT TCT GAG AAC TCA TTG CCT TCA TCT GGC CCA GAG 1747 
Lys His Gly Ser He Ser Glu Asn Ser Leu Pro Ser Ser Gly Pro Glu 
535 540 545 550 
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CCT GGC ACC AAA GAT GAC GGG TAT CTC AAT GGC TCT GGA CTT TAT GAG 1795 
Pro Gly Thr Lya Asp Asp Gly Tyr Leu Asn Gly Ser Gly Leu Tyr Glu 
555 560 565 

CCA ATG GTT GGG GAA CAG CCC CCT CCA CTC CTG GAG GAG GAG AG A GAG 1843 
Pro Met Val Gly Glu Gin Pro Pro Pro Leu Leu Glu Glu Glu Arg Glu 
570 575 580 

ACA GTC ATG TGACCCATAT C 1863 
Thr Val Met 
585 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2051 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQUENCE ID NO: 3: 

GGCGGGGGCC GCGGCGGCGA GCTCGGAGGC CGGCGGCGGC TGCCCCGAGG GACGCGGCCC 60 
TAGGCGGTGG CG ATG GGG GCC GCC CGG ATC GCA CCC AGC CTG GCG CTC 108 
Met Gly Ala Ala Arg lie Ala Pro Ser Leu Ala Leu 
1 5 10 

CTA CTC TGC TGC CCA GTG CTC AGC TCC GCA TAT GCG CTG GTG GAT GCG 156 
Leu Leu Cys Cys Pro Val Leu Ser Ser Ala Tyr Ala Leu Val Asp Ala 
15 20 25 

GAC GAT GTC TTT ACC AAA GAG GAA CAG ATT TTC CTG CTG CAC CGT GCC 204 
Asp Asp Val Phe Thr Lys Glu Glu Gin lie Phe Leu Leu His Arg Ala 
30 35 40 

CAG GCG GAA TGT GAC AAG CTG CTC AAG GAA GTT CTG CAC ACA GCA GCC 252 
Gin Ala Gin Cys Asp Lys Leu Leu Lys Glu Val Leu His Thr Ala Ala 
45 50 55 60 

AAC ATA ATG GAG TCA GAC AAG GGC TGG ACA CCA GCA TCT ACG TCA GGG 300 
Asn lie Met Glu Ser Asp Lys Gly Trp Thr Pro Ala Ser Thr Ser Gly 

65 70 75 

AAG CCC AGG AAA GAG AAG GCA TCG GGA AAG TTC TAC CCT GAG TCT AAA 348 
Lys Pro Arg Lys Glu Lys Ala Ser Gly Lys Phe Tyr Pro Glu Ser Lys 
80 85 90 

GAG AAC AAG GAC GTG CCC ACC GGC AGC AGG CGC AGA GGG CGT CCC TGT 396 
Glu Asn Lys Asp Val Pro Thr Gly Ser Arg Arg Arg Gly Arg Pro Cys 
95 100 105 
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CTG CCC GAG TGG GAC AAC ATC GTT TGC TGG CCA TTA GGG GCA CCA GGT 444 

Leu Pro Glu Trp Asp Asn lie Val Cys Trp Pro Leu Gly Ala Pro Gly 
110 115 120 

GAA GTG GTG GCA GTA CCT TGT CCC GAT TAC ATT TAT GAC TTC AAT CAC 492 
Glu Val Val Ala Val Pro Cys Pro Asp Tyr lie Tyr Asp Phe Asn His 
125 130 135 140 

AAA GGC CAT GCC TAC AGA CGC TGT GAC CGC AAT GGC AGC TGG GAG GTG . 540 
Lys Gly His Ala Tyr Arg Arg Cys Asp Arg Asn Gly Ser Trp Glu Val 
145 150 155 

GTT CCA GGG CAC AAC CGG ACG TGG GCC AAC TAC AGC GAG TGC CTC AAG 588 
Val Pro Gly His Asn Arg Thr Trp Ala Asn Tyr Ser Glu Cys Leu Lys 
160 165 170 

TTC ATG ACC AAT GAG ACG CGG GAA CGG GAG GTA TTT GAC CGC CTA GGC 636 
Phe Met Thr Asn Glu Thr Arg Glu Arg Glu Val Phe Asp Arg Leu Gly 
175 180 185 

ATG ATC TAC ACC GTG GGA TAC TCC ATG TCT CTC GCC TCC CTC ACG GTG 684 
Met lie Tyr Thr Val Gly Tyr Ser Met Ser Leu Ala Ser Leu Thr Val 
190 195 200 

OCT GTG CTC ATC CTG GCC TAT TTT AGG CGG CTG CAC TGC ACG CGC AAC 732 
Ala Val Leu lie Leu Ala Tyr Phe Arg Arg Leu His Cys Thr Arg Asn 
205 \ 210 215 220 

TAC ATC CAC ATG CAC ATG TTC CTG TCG TTT ATG CTG CGC GCC GCG AGC 780 
Tyr He His Met His Met Phe Leu Ser Phe Met Leu Arg Ala Ala Ser 
225 230 235 



ATC TTC GTG AAG GAC GCT GTG CTC TAG TCT GGC TTC ACG CTG GAT GAG 828 

lie Phe Val Lys ABp Ala Val Leu Tyr Ser Gly Phe Thr Leu Asp Glu 
240 245 250 

GCC GAG CGC CTC ACA GAG GAA GAG TTG CAC ATC ATC GCG CAG GTG CCA 876 

Ala Glu Arg Leu Thr Glu Glu Glu Leu His He He Ala Gin Val Pro 
255 260 265 

CCT CCG CCG GCC GCT GCC GCC GTA GGC TAC GCT GGC TGC CGC GTG GCG 924 

Pro Pro Pro Ala Ala Ala Ala Val Gly Tyr Ala Gly Cys Arg Val Ala 

270 275 280 

GTG ACC TTC TTC CTC TAC TTC CTG GCT ACC AAC TAC TAC TGG ATT CTG 972 

Val Thr Phe Phe Leu Tyr Phe Leu Ala Thr Asn Tyr Tyr Trp He Leu 
285 290 295 300 

6TG GAG GGG CTG TAC TTG CAC AGC CTC ATC TTC ATG GCC TTT TTC TCA 1020 

Val Glu Gly Leu Tyr Leu His Ser Leu He Phe Met Ala Phe Phe Ser 
305 310 315 
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GAG AAG AAG TAC CTG TGG GGC TTC ACC ATC TTT GGC TGG GGT CTA CCG 1068 
Glu Lys Lys Tyr Leu Trp Gly Phe Thr lie Phe Gly Trp Gly Leu Pro 
320 325 330 

GCT GTC TTC GTG GCT GTG TGG GTC GGT GTC AGA GCA ACC TTG GCC AAC 1116 
Ala Val Phe Val Ala Val Trp Val Gly Val Arg Ala Thr Leu Ala Asn 
335 340 345 

ACT GGG TGC TGG GAT CTG AGC TCC GGG CAC AAG AAG TGG ATC ATC CAG 1164 
Thr Gly Cys Trp Asp Leu Ser Ser Gly His Lys Lys Trp lie lie Gin 
350 355 360 

GTG CCC ATC CTG GCA TCT GTT GTG CTC AAC TTC ATC CTT TTT ATC AAC 1212 
Val Pro lie Leu Ala Ser Val Val Leu Asn Phe lie Leu Phe lie Asn 
365 370 375 380 

ATC ATC CGG GTG CTT GCC ACT AAG CTT CGG GAG ACC AAT GCG GGC CGG 1260 
lie lie Arg Val Leu Ala Thr Lys Leu Arg Glu Thr Asn Ala Gly Arg 
385 390 395 

TGT GAC ACC AGG CAG CAG TAC CGG AAG CTG CTC AGG TCC ACG TTG GTG 1308 
Cys Asp Thr Arg Gin Gin Tyr Arg Lys Leu Leu Arg Ser Thr Leu Val 
400 405 410 

CTC GTG CCG CTC TTT GGT GTC CAC TAC ACC GTC TTC ATG GCC TTG CCG 1356 
Leu Val Pro Leu Phe Gly Val His Tyr Thr Val Phe Met Ala Leu Pro 
415 420 425 



TAC ACC GAG GTC TCA GGG ACA TTG TGG CAG ATC CAG ATG CAT TAT GAG 1404 
Tyr Thr Glu Val Ser Gly Thr Leu Trp Gin He Gin Met His Tyr Glu 
430 435 440 445 

ATG CTC TTC AAC TCC TTC CAG GGA TTT TTT GTT GCC ATC ATA TAC TGT 1452 
Met Leu Phe Asn Ser Phe Gin Gly Phe Phe Val Ala He He Tyr Cys 
450 455 460 

TTC TGC AAT GGT GAG GTG CAG GCA GAG ATT AGG AAG TCA TGG AGC CGC 1500 
Phe Cys Asn Gly Glu Val Gin Ala Glu He Arg Lys Ser Trp Ser Arg 
465 470 475 

TGG ACA CTG GCG TTG GAC TTC AAG CGC AAA GCA CGA AGT GGG AGT AGC 1548 
Trp Thr Leu Ala Leu Asp Phe Lys Arg Lys Ala Arg Ser Gly Ser Ser 
480 485 490 

AGC TAC AGC TAT GGC CCA ATG GTG TCT CAC ACG AGT GTG ACC AAT GTG 1596 
Ser Tyr Ser Tyr Gly Pro Met Val Ser His Thr Ser Val Thr Asn Val 
495 500 505 

GGC CCC CGT GCA GGA CTC AGC CTC CCC CTC AGC CCC CGC CTG CCT CCT 1644 
Gly Pro Arg Ala Gly Leu Ser Leu Pro Leu Ser Pro Arg Leu Pro Pro 
510 515 520 525 
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GCC ACT ACC AAT GGC CAC TCC CAG CTG .CCT GGC CAT GCC AAG CCA GGG 1692 
Ala Thr Thr Asn Gly His Ser Gin Leu Pro Gly His Ala Lys Pro Gly 
530 535 540 

GCT CCA GCC ACT GAG ACT GAA ACC CTA CCA GTC ACT ATG GCG GTT CCC 1740 
Ala Pro Ala Thr Glu Thr Glu Thr Leu Pro Val Thr Met Ala Val Pro 
545 550 555 

AAG GAC GAT GGA TTC CTT AAC GGC TCC TGC TCA GGC CTG GAT GAG GAG 1788 
Lys Asp Asp Gly Phe Leu Asn Gly Ser Cys Ser Gly Leu Asp Glu Glu 
560 565 570 

GCC TCC GGG TCT GCG CGG CCG CCT CCA TTG TTG CAG GAA GGA TGG GAA 1836 
Ala Ser Gly Ser Ala Arg Pro Pro Pro Leu Leu Gin Glu Gly Trp Glu: 
575 580 585 

ACA GTC ATG TGACTGGGCA CTAGGGGGCT AGACTGCTGG CCTGGGCACA 1885 
Thr Val Met 
590 

TGGACAGATG GACCAAGAAG CCAGTGTTTG GCTGQTTGTC TATTCGGGAT CTGGACCAGG 1945 
AAGATAACAA AAGGAAAATG GAAGTGGACG AAGCAGAGAA GAAGGAAGAG : GTTTTGCAGG 2005 
AATTAAATAT GTTTCCTCAG TTGGATGATG AGGACACAAG GAAGGC 2051 

What is claimed is: . 
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Claims 



1 1. Isolated DNA comprising a DNA sequence 

2 encoding a cell receptor of a vertebrate animal, said 

3 receptor having an amino acid sequence with at least 30% 

4 identity to the amino acid sequence shown in FIG. 3. 

1 2. The isolated DNA of claim 1, wherein said 

2 DNA sequence encodes substantially all of the amino acid 

3 sequence shown in FIG. 1 (SEQ. ID NO. 1) . 

1 3. The isolated DNA of claim 1, wherein said 

2 DNA sequence encodes substantially all of the amino acid 

3 sequence shown in FIG. 3 (SEQ. ID NO. 3) . 

1 4. The isolated DNA of claim 1, said isolated 

2 DNA being (8A6) , deposited with the ATCC and designated 

3 ATCC Accession No. 68570. 

1 5. The isolated DNA of claim l f wherein said 

2 DNA sequence encodes substantially all of the amino acid 

3 sequence shown in Fig. 6 (SEQ. ID. NO. 4) . 

1 6. The isolated DNA of claim 1, wherein said 

2 DNA sequence hybridizes to the DNA sequence shown in Fig. 

3 1 (SEQ. ID NO. 1) . 

1 7. The isolated DNA of claim 1, wherein said 

2 DNA sequence hybridizes to the DNA sequence shown in Fig. 

3 3 (SEQ. ID NO. 3) . 

1 8. The isolated DNA of claim 1, wherein said 

2 DNA sequence hybridizes to the DNA sequence shown in Fig. 

3 6 (SEQ. ID NO. 4) . 
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1 9. A purified preparation of a vector, said 

2 vector comprising a DNA sequence encoding a parathyroid 

3 hormone receptor. 

1 10. A cell containing the isolated DNA of claim 

2 1. 

1 11. The cell of claim 10, wherein said cell is 

2 capable of expressing said cell receptor from said 

3 isolated DNA. 

1 12. An essentially homogenous population of 

2 cells, each of which comprises the isolated DNA of claim 

3 1. 

1 13. Isolated DNA comprising a DNA sequence 

2 encoding a polypeptide capable of binding parathyroid 

3 hormone or parathyroid-hormone-related protein. 

1 14. A method for producing a polypeptide, said 

2 method comprising: 

3 providing a cell comprising isolated DNA 

4 encoding a parathyroid hormone receptor or a fragment 

5 thereof; and 

6 culturing said cell under; conditions 

7 permitting expression of a polypeptide from said DNA. 

1 15. A single-stranded DNA comprising a portion 

2 of a parathyroid hormone receptor gene, said portion 

3 being at least 18 nucleotides long. 

1 16. The single-stranded DNA of claim 15, wherein 

2 said portion is less than all of said parathyroid hormone 

3 receptor gene. 
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1 17, The single-stranded DNA of claim 15 , wherein 

2 said DNA is detectably labeled. 

1 18. A single-stranded DNA comprising a portion 

2 of a parathyroid hormone receptor cDNA, said portion 

3 being at least 18 nucleotides long. 

1 19. The single-stranded DNA of claim 18, wherein 

2 said DNA is antisense. 

1 20. Parathyroid hormone receptor produced by 

2 expression of a recombinant DNA molecule encoding a 

3 parathyroid hormone receptor. 

1 21. An essentially purified preparation of the 

2 parathyroid hormone receptor of claim 20. 

1 . 22. An essentially purified preparation of the 

2 parathyroid receptor produced by the expression of the 

3 DNA of claim 5. 

1 23. A polypeptide comprising at least six amino 

2 acids and less than the complete amino acid sequence of a 

3 parathyroid hormone receptor, said polypeptide capable of 

4 binding parathyroid hormone or parathyroid hormone- 

5 related protein. 

1 24. The polypeptide of claim 23, wherein said 

2 parathyroid hormone receptor is a human parathyroid 

3 receptor . 

1 25. The polypeptide of claim 23, wherein said 

2 fragment comprises 

3 (a) TNETREREVFDRLGMI YTVG , 

4 (b) YLYSGFTLDEAERLTEEEL, 
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5 (c) VTFFLYFLATNYYWILVEG , 

6 (d) Y-RATLANTGCWDLSSGHKKWIIQVP, 

7 (e) PYTEYSGTLWQIQMHYEM , 

8 (f) DDVFTKEEQ I FLLHRAQA , 

9 (g) FFRLHCTRNY , . 

10 (h) EKKYLWGFTL , 

11 (i) VLATKLRETNAGRCDTRQQYRKLLK , or 

12 (j) a fragment of (a) - (i) which is capable of 

13 binding parathyroid hormone or parathyroid hormone- 

14 related protein. 

1 26. A therapeutic composition comprising, in a 

2 pharmaceutically-acceptable carrier, (a) a parathyroid 

3 hormone receptor or (b) a polypeptide comprising a 

4 fragment of said receptor. 

1 27. An antibody capable of forming an immune 

2 complex with a parathyroid hormone receptor. 

1 28. A therapeutic composition comprising the 

2 antibody of claim 27 and a pharmaceutically-acceptable 

3 carrier. 

1 29. A method of reducing the level of calcium in 

2 the blood of a mammal, which method comprises 

3 administering the therapeutic composition of claim 26 to 

4 said mammal in a dosage effective to inhibit activation 

5 by parathyroid hormone or parathyroid hormone-related 



6 protein of a parathyroid hormone receptor of said mammal. 

1 30. A miethod of reducing the level of calcium in 

2 the blood of a mammal, which method comprises 

3 administering the therapeutic composition of claim 28 to 

4 said mammal in a dosage effective to inhibit activation 
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5 by parathyroid hormone or parathyroid hormone-related 

6 protein of a parathyroid hormone receptor of said mammal. 



1 31. A method for identifying a compound capable 

2 of competing with a parathyroid hormone for binding to a 

3 parathyroid hormone receptor, said method comprising: 

4 (a) contacting the polypeptide of claim 23 with 

5 a parathyroid hormone , (i) in the presence or (ii) in the 

6 absence of a candidate compound; and 

7 (b) comparing (i) the level of binding of said 

8 polypeptide to said parathyroid hormone in the presence 

9 of said candidate compound, with (ii) the level of 

0 binding of said polypeptide to said parathyroid hormone 

1 in the absence of said candidate compound; a lower level 

2 of binding in the presence of said candidate compound 

3 than in its absence indicating that said candidate 

4 compound is capable of competing with said parathyroid 

5 hormone for binding to said receptor. 



1 32. A method for identifying a compound capable 

2 of competing with a parathyroid hormone -related protein 

3 for binding to a parathyroid hormone receptor, said 

4 method comprising: 

5 (a) contacting the polypeptide of claim 23 with 

6 a parathyroid hormone-related protein, (i) in the 

7 presence or (ii) in the absence of a candidate compound; 

8 and 

9 (b) comparing (i) the level of binding of said 

0 polypeptide to said parathyroid hormone-related protein 

1 in the presence of said candidate compound, with (ii) the 

2 level of binding of said polypeptide to said parathyroid 

3 hormone-related protein in the absence of said candidate 

4 compound; a lower level of binding in the presence of 

5 said candidate compound than in its absence indicating 

6 that said candidate compound is capable of competing with 
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17 said parathyroid hormone-related protein for binding to 

18 said receptor. 

1 33. A method for identifying a compound capable 

2 of competing with a parathyroid hormone for binding to a 

3 parathyroid hormone receptor, said method comprising: 

4 (a) combining a parathyroid hormone with the 

5 cell of claim 11, (i) in the presence or (ii) in the 

6 absence of a candidate compound; and 

7 (b) comparing (i) the level of binding of said 

8 receptor to said parathyroid hormone in the presence of 

9 said candidate compound, with (ii) the level of binding 

10 of said receptor to said parathyroid hormone in the 

11 absence of said candidate compound; a lower level of 

12 binding in the presence of said candidate compound than 

13 in its absence indicating that said candidate compound is 

14 capable of competing with said parathyroid hormone for 

15 binding to said receptor. 

1 34. A compound capable of inhibiting the binding 

2 of parathyroid hormone or parathyroid hormone-related 

3 protein to a parathyroid receptor on the surface of a 

4 cell. . 

1 35. A therapeutic composition comprising the 

2 compound of claim 34 and a pharmaceutically-acceptable 

3 carrier. 

1 36. A method for identifying a DNA sequence 

2 homologous to a parathyroid hormone receptor-encoding DNA 

3 sequence, said method comprising: 

4 providing a genomic or cDNA library; 

5 contacting said libtary with the single- 

6 stranded DNA of claim 18, under conditions permitting 
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7 hybridization between said single-stranded DNA and a 

8 homologous DNA sequence in said library; and 

9 identifying a clone from said library which 

10 hybridizes to said single-stranded DNA, said 

11 hybridization being indicative of the presence in said 

12 clone of a DNA sequence homologous to a parathyroid 

13 hormone receptor-encoding DNA sequence. 

1 37. A transgenic non-human vertebrate animal 

2 bearing a transgene comprising a DNA sequence encoding 

3 parathyroid hormone receptor or a fragment thereof. 

1 38. A diagnostic method comprising: 

2 (a) obtaining a first blood sample from an 

3 animal; (b) administering the composition of claim 

4 35 to said animal; 

5 (c) obtaining a second blood sample from said 

6 animal subsequent to said administration of said 

7 composition; and 

8 (d) comparing the calcium level in said first 

9 blood sample with that in said second blood sample, a 

10 lower calcium level in said second blood sample being 

11 diagnostic for a parathyroid hormone-related condition. 

12 39. The isolated DNA of claim 1, wherein said 

13 DNA sequence encodes a parathyroid hormone receptor. 
1 

2 40. The parathyroid hormone receptor of claim 20 

3 for use in therapy or diagnosis. 

4 41. The polypeptide of claim 23 for use in 

5 therapy or diagnosis. 

6 42. The antibody of claim 27 for use in therapy 

7 or diagnosis. 
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8 43. The therapeutic composition of claim 26 for 

9 use in therapy for the inhibition of activation by 

10 parathyroid hormone or parathyroid hormone-related 

11 protein of a parathyroid hormone receptor of a mammal or 

12 for the reduction of the level of calcium in the blood of 

13 a mammal. 

14 44. The therapeutic composition of claim 28 for 



15 use in therapy for the inhibition of activation by 

16 parathyroid hormone or parathyroid hormone-related 

17 protein of a parathyroid hormone receptor of a mammal or 

18 for the reduction of the level of calcium in the blood of 

19 a mammal. 

20 45. The parathyroid hormone receptor of claim 20 

21 for use in the manufacture of a medicament for use in 

22 therapy for the inhibition of activation by parathyroid 

23 hormone or parathyroid hormone-related protein of a 

24 parathyroid hormone receptor of a mammal or for the 

25 reduction of the level of calcium in the blood of a 

26 , mammal. 

27 46. The polypeptide of claim 23 for use in the 

28 manufacture of a medicament for use in therapy for the 

29 inhibition of activation by parathyroid hormone or 

30 parathyroid hormone-related protein of a parathyroid 

31 hormone receptor of a mammal or for the reduction of the 

32 level of calcium in the blood of a mammal. 

33 47. The antibody of claim 27 for use in the 

34 manufacture of a medicament for use in therapy for the 

35 inhibition of activation by parathyroid hormone or 

36 parathyroid hormone-related protein of a parathyroid 

37 hormone receptor of a mammal or for the reduction of the 

38 level of calcium in the blood of a mammal. 
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39 48, A method for identifying a hypercalcemia 

4 0 condition in a patient which is mediated by parathyroid 

41 hormone or parathyroid hormone-related protein, the 

42 method comprising 

43 (a) determining the calcium level of a first 

44 blood sample from the patient, 

45 (b) determining the calcium level of a second 

46 blood sample from the patient taken at a time subsequent 

47 after administration of the therapeutic composition of 

48 claim 26, and 

49 (c) comparing the calcium levels of the two 

50 blood samples, a lower calcium level in the second blood 

51 sample being indicative of a condition related to 

52 parathyroid hormone or parathyroid hormone-related 

53 protein in the patient. 

54 49. A method for identifying a hypercalcemic 

55 condition in a patient which is mediated by parathyroid 

56 hormone or parathyroid hormone-related protein, the 

57 method comprising 

58 (a) determining the calcium level of a first 

59 blood sample from the patient, 

60 (b) determining the calcium level of a second 

61 blood sample from the patient taken at a subsequent time 

62 after administration of the therapeutic composition of 

63 claim 28, and 

64 (c) comparing the calcium levels of the two 

65 blood samples, a lower calcium level in the second blood 

66 sample being indicative of a condition related to 

67 parathyroid hormone of parathyroid hormone-related 

68 protein in the patient. 
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FIG. 1 



TGGGCACAGC CACCCTGTTG GTAGTCCAGG GGCCAGCCCA CTGAGCTGGC ATATCAGCTG 60 

GTGGCCCCGT TGGACTCGGC CCTAGGGAAC GGCGGCG ATG GGA GCG CCC CGG ATC 11: 

Met Gly Ala Pro Arg He 

1 5 

TCG CAC AGC CTT GCC TTG CTC CTC TGC TGC TCC GTG CTC AGC TCC GTC 
Ser His Ser Leu Ala Leu Leu Leu Cys Cys Ser Val Leu Ser Ser Val 
10 15 20 

TAC GCA CTG GTG GAT GCC GAT GAT GTC ATA ACG AAG GAG GAG CAG ATC 21. 
Tyr Ala Leu Val Asp Ala Asp Asp Val He Thr Lys Glu Glu Gin He 
25 " 20 35 

ATT CTT CTG CGC AAT GCC CAG GCC CAG TGT GAG CAG CGC CTG AAA GAG 259 
He Leu Leu Arg Asn Ala Gin Ala Gin Cys Glu Gin Arg Leu Lys Glu 
40 45 50 

GTC CTC AGG GTC CCT GAA CTT GCT GAA TCT GCC AAA GAC TGG ATG TCA 307 
Val Leu Arg Val Pro Glu Leu Ala Glu Ser Ala Lys Asp Trp Met Ser 
55 60 65 70 

AGG TCT GCA AAG ACA AAG AAG GAG AAA CCT GCA GAA AAG CTT TAT CCC 35 5 
Arg Ser Ala Lys Thr Lys Lys Glu Lys Pro Ala Glu Lys Leu Tyr Pro 

75 80 85 

CAG GCA GAG GAG TCC AGG GAA GTT TCT GAC AGG AGC CGG CTG CAG GAT 403 
Gin Ala Glu Glu Ser Arc Glu Val Ser Asp Arg Ser Arg Leu Gin Asp 
SO 55 100 

2-GC TTC TGC CTA CCT C-AG TGG I-AC AAC ATT C-TG TCC TGG CCT GCT GGA : . 

21y Phe Cvs Leu Pro Glu Trp .-*»? --.sn He /al cys Trp Pro Ala Gly 
105 -12 115 

GTG CCC GGC AAG GTG GTG GCC GTG CCC TGC CCC GAC TAC TTC TAC GAC 499 
Val Pro Gly Lys Val Val Ala Val Pro Cys Pro Asp Tyr Phe Tyr Asp 
120 125 130 

TTC AAC CAC AAA GGC CGA GCC TAT CGG CGC TGT GAC AGC AAT GGC AGC 54 7 
Phe Asn His Lys Gly Arg Ala Tyr Arg Arg Cys Asp Ser Asn Gly Ser 
135 140 145 150 

TGG GAG CTG GTG CCT GGG AAC AAC CGG ACA TGG GCG AAT TAC AGC GAA 595 
Trp Glu Leu Val Pro Gly Asn Asn Arg Thr Trp Ala Asn Tyr Ser Glu 

155 160 165 

TGT GTC AAG TTT CTG ACC AAC GAG ACC CGG GAA CGG GAA GTC TTT GAT 64 3 
Cvs Val Lys Phe Leu Thr Asn Glu Thr Arg Glu Arg Glu Val Phe Asp 
1 170 -5 180 
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CGC CTC GGA ATG ATC TAC ACT GTG GGC TAC TCC ATC TCT CTT ™ ™ 
Arg Leu Gly Met lie Tyr Thr v.1 Gly Tyr Ser III sS 2 £ 

CTC ACT GTG GCT GTG CTG ATT CTG GGT TAC TTT AGG AGG tt» n*m , 

Leu Thr Val Al. val Leu He. Leu Gly Tyr Se £ Art 2 
* 00 205 210 

ACC CGA AAC TAC ATT CAC ATG CAT CTC TTC GTG TCC TTT ATG CTC Cfir 
Thr Arg Asn Tyr lie His Met His Leu Phe Val Ser Phe Met 

220 225 230 

Sfl Sit c GC T ? C ATC GAT 3CT GTG CTC TAC TCG GGG GTT TCC 

Ala Val Ser lie Phe lie Lys Asp Ala Val Leu Tyr Ser Gly Val Ser 

235 240 245 

JS ? GAG CGC ATC ACC CAG GAG GAG ™ AGG GCC TTC ACA 
Thr „sp Glu lie Glu Arg lie Thr Giu Glu Glu Leu Arg Ala Phe tS 

250 232 260 

GAG CCT CCC CCT GCT GAC AAG GCG GGT TTT GTG GGC TGC AGA GTG cor 
Glu ?ro Pro Pro Ala Asp Lys Ala Gly Phe Val ciy Cys £g SI? £a 
265 27C 275 

vll i£ SI? oT f™ I AC £° ^ ACC ACC *** TAC TGG ATC CTG 
Val Thr Val Phe Leu Tyr Phe Leu Thr Thr Asn Tyr Tyr Trp lie Su 

SI? S? C f 70 TAC 017 CAC AGC CTC ATC ™ ATG GCT TTT TTC TCT 

Val G.u Gly Leu Tyr Leu His ser Lau lie Phe Met Ala Pne She ier 

300 305 310 

J AG AA G JAT CTC TGG GGT TTC -A TTA TTT GGC TGG GGC CTC CCT 

Glu _vs Lys Tyr Leu Trp Gly : - r Leu Fhe cly Trp JJJ ™ Pro 

-1- 220 325 
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TGT GAC ACG AGG CAA CAG TAT AG A AAG CTG CTG AAG TCC ACG CTA GTC 1315 
Cys Asp Thr Arg Gin Gin Tyr Arg Lys Leu Leu Lys Ser Thr Leu Val 

395 400 * 405 

CTC ATG CCG CTA TTT GGG GTG CAC TAC ATC GTC TTC ATG GCC ACG CCG l""^ 
Leu Met Pro Leu Phe Gly Val His Tyr lie Val Fhe Met Ala Thr Pro 
410 415 420 

TAC ACA GAA GTA TCA GGG ATT CTT TGG CAA GTC CAA ATG CAC TAT GAA 1411 
Tyr Thr Glu Val Ser Gly He Leu Trp Gin Val Gin Met His Tyr Glu 
425 430 435 

ATG CTC TTC AAT TCA TTC CAG GGA TTT TTC GTT GCC ATT ATA TAC TGT 14 c " 
Met Leu Phe Asn Ser Phe Gin Gly Phe Phe Val Ala He He Tyr Cys 
440 445 450 

TTC TGC AAT GGA GAG GTA CAA GCA GAG ATC AAG AAG TCA TGG AGC CGA I s 07 
Phe Cys Asn Gly Glu Val Gin Ala Glu He Lys Lys Ser Trp Ser Ara 
455 460 465 470 

TGG ACC CTG GCC TTG GAC TTC AAG CGG AAG GCC CGG ACT GGC AGC AGT 1555 
Trp Thr Leu Ala Leu Asp Phe Lys Arg Lys Ala Arg Ser Gly Ser Ser 

475 480 " 485 

ACC TAC AGC TAT GGC CCC ATG GTG TCA CAT ACA AGT GTC ACC AAT GTG 1603 
Thr Tyr Ser Tyr Gly Pro Met Val Ser His Thr Ser Val Thr Asn Val 
490 495 500 

GGA CCT CGA GGG GGC TGG CCT TGT CCC TCA GCC CTC GAC TAGCTCCTGG 16 = 2 
Gly Pro Arg Gly Gly Trp Pro Cvs Fro Ser Ala Leu Asp 
505 510 515 

GGCTGGAGCC AGTGCCAATG GCCATCACCA GTTGCCTGGC TATGTGAAGC ATGGTTCCAT 17 

TTCTGAGAAC TCATTGCCTT CATCTGGCCC AGAGCCTGGC ACCAAAGATG ACGGGTATCT 17": 

CAATGGCTCT GGACTTTATG AGCCAATGGT 7GGGGAACAG CCCCCTCCAC TCCTGGAGGA 132 2 

GGAGAGAGAG ACAGTCATGT GACCCATATC 1862 
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TGGGCACAGC CACCCTGTTG GTAGTCCAGG GGCCAGCCCA CTGAGCTGGC ATATCAGCTG 60 

GTGGCCCCGT TGGACTCGGC CCTAGGGAAC GGCGGCG ATG GGA GCG CCC CCG ATC 115 

Met Gly Ala Pro Arg lie 
1 5 

TCG CAC AGC CTT GCC TTG CTC CTC TGC TGC TCC GTG CTC AGC TCC GTC 163 
Ser His Ser Leu Ala Leu Leu Leu Cys Cys Ser Val Leu Ser Ser Val 
10 15 20 

TAC GCA CTG GTG GAT GCC GAT 3AT GTC ATA ACG AAG GAG GAG CAG ATC 211 
Tyr Ala Leu Val Asp Ala Asp .'-.so Vai lie Thr Lys Glu Glu Gin He 
25 :6 35 

ATT CTT CTG CGC AAT GCC CAG GCC CAG TGT GAG CAG CGC CTG AAA GAG 259 
lie Leu Leu Arg Asn Ala Gin Ala Gin Cys Glu Gin Arg Leu Lys Glu 
40 45 50 

GTC CTC AGG GTC CCT GAA CTT GOT GAA TCT GCC AAA GAC TGG ATG TCA 307 
Val Leu Arg Val Pro Glu Leu Ala Glu Ser Ala Lys Asp Trp Met Ser 
5§ 60 65 70 

AGG TCT GCA AAG ACA AAG AAG GAG AAA CCT GCA GAA AAG CTT TAT CCC 355 
Arg Ser Ala Lys Thr Lys Lys Glu Lys Pro Ala Glu Lys Leu Tyr Pro 

75 80 85 

CAG GCA GAG GAG TCC AGG GAA GTT TCT GAC AGG AGC CGG CTG CAG GAT 403 
Gin Ala Glu Glu Ser Arg Glu vai Ser Asp Arg Ser Arg Leu Gin Asp 
90 r5 * 100 

GGC TTC TGC CTA CCT GAG TGG 3AC .-.AC ATT GTG TGC TGG CCT GCT GGA 451 
3iv ?he Cvs leu Pro Glu Tr- _~r =- He Val Cys Trp Pro Ala Gly 
-Zz .:: lis 

GTG CCC GGC AAG GTG GTG GCC Z~Z '.ZZ TGC CCC GAC TAC TTC TAC GAC 499 
Val Pro Glv Lvs Val Val Ala "il Trz Cvs Pro Asp Tyr Phe Tyr Asp 
120 125 130 

TTC AAC CAC AAA GGC CGA GCC TAT CCG CGC TGT GAC AGC AAT GGC AGC 547 
Phe Asn His Lys Gly Arg Ala Tyr Arc Arg Cys Asp Ser Asn Gly Ser 
135 " 140 145 150 

TGG GAG CTG GTG CCT GGG AAC AAC CGG ACA TGG GCG AAT TAC AGC GAA 595 
Trp Glu Leu Val Pro Gly Asn Asn Arc Thr Trp Ala Asn Tyr Ser Glu 

155 160 * 165 

TGT GTC AAG TTT CTG ACC AAC GAG ACC CGG GAA CGG GAA GTC TTT GAT 64 3 
Cys Val Lys Fhe Leu Thr Asn Glu Thr Arg Glu Arg Glu Val Phe Asp 
170 -73 180 
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CGC CTC GGA ATG ATC TAC ACT GTG GGC TAC TCC ATC TCT CTG GGC Trr 
Arg Leu Gly Met He Tyr Thr Val Gly Tyr Ser He Ser Leu G?y ler 

CTC ACT GTG GOT GTG CTG ATT CTG GGT TAC TTT AGG AGG TTA CAT TCC 
Leu Thr Val Ala Val Leu lie Leu Gly Tyr Phe Arg Arg £u £s 
*uu 205 210 

ACC CGA AAC TAC ATT CAC ATG CAT CTC TTC GTG TCC TTT ATG CTC CGG 
Thr Arg Asn Tyr lie His Met His Leu Phe Val Ser Phe Het^eu^£ g 

a?T SI? c GC JT C 770 A ? C MG GAT GCT GTG 070 TAC TCG GGG GTT TCC 
Ala Val ser He Phe lie Lys Asp Ala Val Leu Tyr Ser Gly val Ser 

235 240 245 

ACA GAT GAA ATC GAG CGC ATC ACC GAG GAG GAG CTG AGG GCC TTC ir & 
Thr Asp Glu lie Glu Arg lie Thr Glu Glu Glu Leu Arg Ala 
250 255 260 

GAG CCT CCC CCT GCT GAC AAG GCG GGT TTT GTG GGC TGC AGA GTG gcg 
Glu Pro Pro Pro Ala Asp Lys Ala Gly Phe Val Gly Cys Arg Vat A^a 
265 270 275 

Sit i£ C S T f T J C ^ TAC TTC CTG ACC ACC AAC TAC TAC TGG ATC CTG 
Val Thr Val Phe Leu Tyr Phe Leu Thr Thr Asn Tyr Tyr Trp He 

SI? S?° P° TAC 017 CAC AGC "0 ATC TTC ATG GCT TTT TTC TCT 

Val Glu Gly Leu Tyr Leu His Ser Leu He Phe Met Ala Phe p£e Ser 
295 300 305 310 

GAG AAA AAG TAT CTC TGG GGT TTC ACA TTA TTT GGC TGG GGC CTC CCT 
*lu Lys Lys Tyr Leu Tr? Gly ?*. Thr L ? u Phe Gly Trp Gly Leu Pro 
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333 
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hi: 



1171 



GCC GTG TTT GTC GCT GTG TGG GTG ACC GTG AGG GCT ACA CTG GCr AAC 
Ala Val Phe Val Ala Val Trp Val Thr Val Arg Ala Thr Su Ala ten 
- 30 225 340 

ACT GAG TGC TGG GAC CTG AGT TCG GGG AAT AAG AAA TGG ATC ATA CAG 
Thr Glu Cys Trp Asp Leu Ser Ser Gly Asn Lys Lys Trp He He Gin 
345 350 355 

GTG CCC ATC CTG GCA GCT ATT GTG GTG AAC TTT ATT CTT TTT ATC AAT 121 o 
Val Pro He Leu Ala Ala He Val Val Asn Phe He Leu Phe He Asn 
360 365 370 

ATA ATC AGA GTC CTG GCT ACT AAA CTC CGG GAG ACC AAT GCA GGG AGA 1267 
llj He Arg Val Leu Ala Thr Lys Leu Arg Glu Thr Asn Ala Gly Arg 
375 380 385 ' 290 
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TGT GAC ACG 
Cys Asp Thr 



AGG CAA CAG TAT AGA 
Arg Gin Gin Tyr Arg 
395 



AAG CTG CTG AAG TCC ACG CTA GTC 
Lys Leu Leu Lys Ser Thr Leu Val 
400 405 



1315 



CTC ATG CCG 
Leu Met Pro 



TAC 
Tyr 



ACA GAA 
Thr Glu 
425 



CTA TTT GGG GTG 
Leu Phe Gly Val 
410 

GTA TCA GGG ATT 
Val Ser Gly He 



CAC TAC ATC GTC TTC ATG GCC ACG CCG 13 63 
His Tyr Ha Val Phe Met Ala Thr Pro 
415 420 

CTT TGG CAA GTC CAA ATG CAC TAT GAA 1411 
Lau Trp Gin Val Gin Met His Tyr Glu 
430 435 



ATG 
Met 



TTC 
Phe 
455 

TGG 
Trp 



CTC TTC 
Leu Phe 
440 

TGC AAT 
Cys Asn 



ACC CTG 
Thr Leu 



ACC TAC AGC 
Thr Tyr Ser 



GGA CCT CGA 

Gly Pro Arg 
505 

GGG GCT GGA 

Sly Ala Glv 
= 20 



AAT TCA TTC CAG 

Asn Ser Phe Gin 

445 

GGA GAG GTA CAA 
Gly Glu Val Gin 
4 60 

GCC TTG GAC TTC 
Ala Leu Asp Phe 
475 

TAT GGC CCC ATG 
Tyr Gly Pro Met 
490 

GGG GGG CTG GCC 
Gly Gly Leu Ala 



GCC AGT GCC AAT 
Ala Ser Ala Asn 

= 25 



GGA TTT TTC GTT GCC ATT ATA TAC TGT 
Gly Phe Phe Val Ala He He Tyr Cys 

450 

GCA GAG ATC AAG AAG TCA TGG AGC CGA 
Ala Glu He Lys Lys Ser Trp Ser Arg 
465 470 

AAG CGG AAG GCC CGG AGT GGC AGC AGT 
Lys Arg Lys Ala Arg Ser Gly Ser Ser 
480 485 

* 

GTG TCA CAT ACA AGT GTC ACC AAT GTG 
Val Ser Kis Thr Ser Val Thr Asn Val 
495 500 



TTG TCC CTC AGC CCT CGA CTA GCT CCT 
Leu Ser Leu Ser Pro Arg Leu Ala Pro 
510 515 

GGC GAT CAC CAG TTG CCT GGC TAT GTG 

Glv :-:is His Gin Leu Pro Gly Tyr Val 

530 



1459 



1507 



1555 



1603 



1651 



1699 



Lys His Glv 
525 

CCT GGC ACC 
Pro Gly Thr 



CCA ATG GTT 
Pro Met Val 



ACA GTC ATG 
THr Val Met 
585 



Ser lie Ser Glu 
540 

AAA GAT GAC GGG 
Lys Asp Asp Gly 
555 

GGG GAA CAG CCC 
Gly Glu Gin Pro 
570 

TGACCCATAT C 



ml 



x 

Pro 



."r.\ TTG CCT TCA TCT GGC CCA GAG 

isr Leu Pro Ser Ser Gly Pro Glu 

545 550 

CTC AAT GGC TCT GGA CTT TAT GAG 

Lau Asn Gly Ser Gly Leu Tyr Glu 

=60 565 

CCA CTC CTG GAG GAG GAG AGA GAG 

Fr= Leu Leu Glu Glu Glu Arg Glu 

375 580 



1747 



1795 



1843 



1863 
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GGCGGGGGCC GCGGCGGCGA GCTCGGAGGC CGGCGGCGGC TGCCCCGAGG GACGCGGCCC 60 

TAGGCGGTGG CG ATG GGG GCC GCC CGG ATC GCA CCC AGC CTG GCG CTC 108 
Met Gly Ala Ala Arg lie Ala Pro Ser Leu Ala Leu 
15 10 



AAC ATA ATG GAG TCA GAC AAG GGC TGG ACA CCA GCA TCT ACG TCA GGG 
Asn lie Met Glu Ser Aso Lys Gly Trp Thr Pro Ala Ser Thr Ser Gly 

65 70 75 



ATG ATC TAC ACC GTG GGA TAC TCC ATG TCT CTC GCC TCC CTC ACG GTG 
Met lie Tyr Thr Val Gly Tyr Ser Met Ser Leu Ala Ser Leu Thr Val 
190 195 200 



- - j 



CTA CTC TGC TGC CCA GTG CTC AGC TCC GCA TAT GCG CTG GTG GAT GCG 
Leu Leu Cys cys Pro Val Leu Ser Ser Ala Tyr Ala Leu Val Asp Ala 
15 20 25 

GAC GAT GTC TTT ACC AAA GAG GAA CAG ATT TTC CTG CTG CAC CGT GCC 204 
Asp Asp Val Phe Thr Lys Glu Glu Gin He Phe Leu Leu His Arg Ala 
30 35 40 

CAG GCG CAA TGT GAC AAG CTG CTC AAG GAA GTT CTG CAC ACA GCA GCC " " 
Gin Ala Gin Cys Asd Lys Leu Leu Lys Glu Val Leu His Thr Ala Ala 
45 50 55 60 



300 



AAG CCC AGG AAA GAG AAG GCA TCG GGA AAG TTC TAC CCT GAG TCT AAA 348 
Lys Pro Arg Lys Glu Lys Ala Ser Gly Lys Phe Tyr Pro Glu Ser Lys 
80 85 90 

GAG AAC AAG GAC GTG CCC ACC GGC AGC AGG CGC AGA GGG CGT CCC TGT 396 
Glu Asn Lys Asp Val Pro Thr Gly Ser Arg Arg Arg Gly Arg Pro Cys 
95 100 105 

CTG CCC GAG TGG GAC AAC ATC GTT TGC TGG CCA TTA GGG GCA CCA GGT 444 
Leu Pro Glu Trp Aso Asn He Val cvs Trp Pro Leu Gly Ala Pro Gly 
110 115 * 120 

GAA GTG GTG GCA GTA CCT TGT CCC GAT TAC ATT TAT GAC TTC AAT CAC 49: 
31- Val "al Al£ '"a I Pro Cys =rc .-.so Tyr He ryr Asp Fhe Asn His 
-25 120 135 140 

AAA GGC CAT GCC TAC AGA CGC TGT GAC CGC AAT GGC AGC TGG GAG GTG 54c 
Lys Gly His Ala Tyr Arg Arg Cys Asd Ara Asn Gly Ser Trp Glu Val 

145 150 155 

GTT CCA GGG CAC AAC CGG ACG TGG GCC AAC TAC AGC GAG TGC CTC AAG 58 8 
Val Pro Gly His Asn Arg Thr Trp Ala Asn Tyr Ser Glu Cys Leu Lys 
160 165 170 

TTC ATG ACC AAT GAG ACG CGG GAA CGG GAG GTA TTT GAC CGC CTA GGC 63 6 
Phe Met Thr Asn Glu Thr Arg Glu Arg Glu Val ?he Asp Arg Leu Gly 
175 180 185 



684 



WO 92/17602 



PCT/L I S92/02821 



8/30 



•IG. 3 



2 of 3 



732 



780 



828 
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GCT GTG CTC ATC CTG GCC TAT TTT AGG CGG CTG CAC TGC ACG CGC AAC 
c Ala Val Leu He Leu Ala Tyr Phe Arg Arg Leu His Cys Thr Ara Asn 
205 210 215 * 220 

, TAC ATC CAC ATG CAC ATG TTC CTG TCG TTT ATG CTG CGC GCC GCG AGC 
Tyr He His Met His Met Phe Leu Ser Phe Met Leu Arg Ala Ala Ser 

225 230 235 

ATC TTC GTG AAG GAC GCT GTG CTC TAC TCT GGC TTC ACG CTG GAT GAG 
He Phe val Lys Asp Ala Val Leu Tyr Ser Gly Phe Thr Leu Asd Glu 
240 245 250 

GCC GAG CGC CTC ACA GAG GAA GAG TTG CAC ATC ATC GCG CAG GTG CCA 
Ala Glu Arg Leu Thr Glu Glu Glu Leu Kis He He Ala Gin Val Pro 
255 250 265 

CCT CCG CCG GCC GCT GCC GCC GTA GGC TAC GCT GGC TGC CGC GTG GCG on 
Pro Pro Pro Ala Ala Ala Ala Val Gly Tyr Ala Gly cys Arg Val Ala 
270 275 280 

GTG ACC TTC TTC CTC TAC TTC CTG GCT ACC AAC TAC TAC TGG ATT CTG 
Val Thr Phe Phe Leu Tyr Phe Leu Ala Thr Asn Tyr Tyr Trp He Leu 
285 290 295 300 

GTG GAG GGG CTG TAC TTG CAC AGC CTC ATC TTC ATG GCC TTT TTC TCA I05n 
Val Glu Gly Leu Tyr Leu His Ser Leu He Phe Met Ala Phe Phe Ser 
305 310 315 

GAG AAG AAG TAC CTG TGG GGC TTC ACC ATC TTT GGC TGG GGT CTA CCG lOfiB 
Glu Lys Lys Tyr Leu Trp Gly Phe Thr lie Phe Gly Trp Gly Leu Pro 
320 325 330 

GCT GTC TTC GTG GCT GTG TGG GTC GGT GTC AGA GCA ACC TTG GCC AAC 
Ala Val .-he Val Ala Val Trp Val Gly val Arg Ala Thr Leu Ala Asn 
325 240 345 

ACT GGG TGC TGG GAT CTG AGC TCC --GG 3AC AAG AAG TGG ATC ATC CAG 
Thr Giy Cys Trp Asp Leu Ser Ser :-iy -:is Lys Lys Trp He He Gin 
350 355 360 365 

GTG CCC ATC CTG GCA TCT GTT GTG CTC AAC TTC ATC CTT TTT ATC AAC 1212 
Val Pro He Leu Ala Ser Val Val Leu Asn Phe He Leu Phe He Asn 

370 375 380 

ATC ATC CGG GTG CTT GCC ACT AAG CTT CGG GAG ACC AAT GCG GGC CGG 1260 
He He Arg Val Leu Ala Thr Lys Leu Arg Glu Thr Asn Ala Gly Ara 
385 390 395 

TGT GAC ACC AGG CAG CAG TAC CGG AAG CTG CTC AGG TCC ACG TTG GTG 13 0 a 
cys Asp Thr Arg Gin Gin Tyr Arg Lys Leu Leu Arg Ser Thr Leu Val 
•400 405 410 
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CTC GTG CCG CTC TTT GGT GTC CAC TAC ACC GTC TTC ATG GCC TTG CCG n«« 
Leu Val Pro Leu Phe Gly Val His Tyr Thr Val Phe Met Ala Leu Pro 
415 420 425 

TAC ACC GAG GTC TCA GGG ACA TTG TGG CAG ATC CAG ATG CAT TAT rar 
Tyr Thr Glu Val Ser Gly Thr Leu Trp Gin lie Gin Met His Tvr ri» 
430 435 440 * J J J 

ATG CTC TTC AAC TCC TTC CAG GGA TTT TTT GTT GCC ATC ATA TAC TTT n«i 
Met Leu Phe Asn Ser Phe Gin Gly Phe Phe Val Ala He He Tvr cZ* 

450 455 JJJ 



15-ie 



1644 



TTC TGC AAT GGT GAG GTG CAG GGA GAG ATT AGG AAG TCA TGG AGC CGC 
Phe Cys Asn Gly Glu Val Gin Ala Glu He Arg Lys Ser Trp Ser Ara 
465 470 ,75 9 

TGG ACA CTC GCG TTG GAC TTC AAG CGC AAA GCA CGA AGT GGG AGT AGC 
Trp Thr Leu Ala Leu Asp Phe Lys Arg Lys Ala Arg Ser Gly Ser Ser 
480 485 490 

AGC TAC AGC TAT GGC CCA ATG GTG TCT CAC ACG AGT GTG ACC AAT GTT i«oc 
Ser Tyr Ser Tyr Gly Pro Met Val Ser His Thr Ser Val Thr Asn Val 
495 500 505 

GGC CCC CGT GCA GGA CTC AGC CTC CCC CTC AGC CCC CGC CTG CCT CCT 
Gly Pro Arg Ala Gly Leu Ser Leu Pro Leu Ser Pro Arg Leu Pro Pro 
510 515 520 5 25 

GCC ACT ACC AAT GGC CAC TCC CAG CTG CCT GGC CAT GCC AAG CCA GGG lfio 2 
Ala Thr Thr Asn Gly His Ser Gin Leu Pro Gly His Ala Lys Pro Gly 

530 535 540 

GCT CCA GCC ACT GAG ACT GAA ACC CTA CCA C-TC ACT ATG GCG GTT CCC 
Ala Fro Ala Thr Glu Thr Glu Thr lau Pre Val Thr Met Ala Val Pro 
=45 ;50 555 

. ° rtT — - -- AC -Sv- ._A i_-GC CTG GAT GAG GAG 

-ys ~sp Asp Gly Phe Leu Asn Gly Ser Cys Ser Glv Leu Asp Glu Glu 
560 =65 " 570 

GCC TCC GGG TCT GCG CGG CCG CCT CCA TTG TTG CAG GAA GGA TGG GAA 183 6 
Ala Ser Gly Ser Ala Arg Pro Pro Pro Leu Leu Gin Glu Gly Trp Glu 
57 5 580 585 " 

Thr Val M^ TGACTGGGCA CTAGGGGGCT AGACTGCTGG CCTGGGCACA 1885 
590 

TGGACAGATG GACCAAGAAG CCAGTGTTTG GCTGGTTGTC TATTCGGGAT CTGGACCAGG 1945 
AAGATAACAA AAGGAAAATG GAAGTGGACG AAGCAGAGAA GAAGGAAGAG GTTTTGCAGG 2 005 
AATTAAATAT GTTTCCTCAG TTGGATGATG AGGACACAAG GAAGGC 2051 
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R1S .1GAARIAPSL ALLLCCPVLS SAYALVDAOD VFTKEEQI FL LHRAQAQCDK 50 
Oko MGAPRISHSL ALLLCCSVLS SVYALVDAOO VITKEEQIIL LRNAQAQCEO SO 
Okh KGAPRISHSL ALLLCCSVLS SVYALVDAOO VITXEEQI IL LRNAQAQCEO 50 
A 

JUS LLXEVLHTAA NINESDXGWT PASTSGKPPK EKASGKFYFE SKENKDVPTG 100 

Oko RLKEVLR . VP ELAESAKDW. . MSRSAKTKK EXFAEXLYFQ AEESREVSDR 97 

Okh RLXEVLR.VP ELAESAKDW . . MSRSAKTKX EXPAEXLYPQ AEESREVSDR 97 
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GVPGXWAVP 
GVPGXWAVP 

— B 

N 

LKFflTNETRE 
VXFLTNETRE 
VKFLTNETRE 



CPDYIYDFNH 
CPDYrYDFNH 
CPDYFYDFNH 



REVFDRLGMI 
REVPORLGAI 
REVFDRLGKI 



KGHAYRRCDR 150 
KGRAYRRCDS 147 
KGRAYRRCDS 147 



YTVGYSHSLA 200 
YTVGYSISLG 197 
YTVGYSISLG 197 



R15 SLTVAVLILA YFRRLHCTRN YIHHHHFLSF HLRAA5 I FVX DAVLYSGFTL 250 

Oko SLTVAVLILG YFRRLHCTRN YIHMHLFVSF MLRAVSIFIR DAVLYSGVST 247 

Okh SLTVAVLILG YFRRLHCTRN YIHKHLFVSF MLRAVSIFIK DAVLYSGVST 247 

* 

R15 DEAERLTEEE LHIIAQVPPP PAAAAVGYAG CRVAVTFFLY FLATNYYWIL 300 

Oko DEI ERITEEE LRAFTE • . • ? PPADXAGFVG CRVAVTVrLY FLTTNYYWIL 294 

Okh DEI ERITEEE LRAFTE, • . P PPADXAGFVG CRVAVTVFLY FLTTNYYWIL 294 

E 

R15 VEGLYLHSLI FHAFFSEKKY LWGFTIFGWG LPAVTVAVWV GVRATLANTG 350 

Oko VEGLYLHSLI FMAFFSEKKY LWGFTLFCWG LPAVrVAVWV TVRATLANTE 344 

Okh VEGLYLHSLI FHAFFSEKXY LWGFTLFGWG LPAVFVAVWV TVRATLANTE 344 

R1S CWDLSSGHKK WIIQVPILAS WLNFILFIN IIRVLATXLR ETNAGRCOTR 400 

Oko CWDLSSGNKK WIIQVPILAA IWNFILFIN IIRVLATXLR ETNAGRCOTR 394 

Okh CWDLSSGNKK WIIQVPILAA IWNFILFIN -IIRVLATXLR ETNAGRCOTR 394 

R15 QQYRKLLRST LVLVPLFGVH YTVFKALFYT EVSGTLWQIQ ABYEHLFNSF 4 SO 

Oko QQYRKLLXST LVLVPLFGVH YIVFKATPYT SVSGILWQVQ HHYEHLFNSF 4 44 

Okh QQYRKLLXST LVLKPLFGVH YIVFHATFYT EVSGILWQVQ KHYEMLFNSF 444 

R1S QGFFVAIIYC FCNGEVQAEI RKSWSRWTLA LDFXRKARSG SSS YSYGPMV S00 

Oko QGFFVAIIYC FCNGEVOAEI KXSWSRWTLA LDFXRKARSG SSTYSYGPHV 494 

Okh OGFFVAIIYC FCNGEVQAEI KXSWSRWTLA LDFXRKARSG SSTYSYGPNV 494 

R15 SHTSVTNVGP RAGLSLPLSP RLFP..-ATT NGHSQLPGHA KPGAPATETE 547 

Oko SHTSVTNVGP RGGLALSLS? RLAPGAGASA NGHHQLPGYV KHGSISENSL 54 4 

Okh SHTSVTNVGP RGG WPCPSA LD 515 



R15 7LPVTHAVPK DDGFLNGSCS GLDEEASGSA RPPPLLQECW ETVT1 
Oko PSSGPEPGTK DDGYLNG . • S CLYEPMVG.E QPPPLLEEER ETVH 
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FIG. h 

with 1 ar.2VTr.es: 5ACI 

February 27, 1992 18:30 .. 
GGGATCCCGCGGCCCTAGGCGGTGGCGatcrggGAccGCcccgatcgcacccggcctggcg 
CCCTAGGGCGCCGGGATCCGCCACCGCtacccCTggCGggcctagcgtgggccggaccgc 

) mg:ar:apgla- 

ctcctgctctgcrgccccgrgctcagcticcgcgtacgcgccggrggacgcagatgacgtc 
gaggacgagacgacggggcacgagtcgaggcgcatgcgcgaccacctacgtctactgcag 
> LLLCCPVLS S A ALVDADDV 

atgactaaaoaogaacaaatcttcczcrctrcaccczcrctcaogcccagtgcgaaaaacgg 
122 -~ : 1 h- 181 

tacrgatttctcctrgtcragaaggacgacgtrrcacgagrccgggtcacgctttttgcc 

» MTKEZ2IFL1H?. A2AQCEKR - 

crcaaggaggtcctgcagaggccagccagcataatggaatcaaacaagggatggacatct 
132 1 241 

gagttcctccaggacgrcrccggrcggtcgrattiaccrtagtctgttccctacctgtaga 

LX2VLga?AS::<233KGWTS 

gcgtccacatcagggaagcccaggaaagataacgcatctgggaagctctaccctgagtct 
242 h — 301 

cgcaggrgraoccccttcgggzcccttcrattccr^agacccttcgagatgggactcaga 
A S 7 S S X P a X D X A 3 G X L Y P £ S 
gaggaggacaaggaggcacccactggcagcaggzaccgagggcgcccctgtctgccggaa 
ctcczccr^tcc-ccgrgggtgaccc^c^ 

EI3XSA57GS~ . J R P ; L P S 

tgggaccacai:cctcrtgcrggccgct:gggccrcaccaccrcraogrggtagctgtgccctgt 
362 h. 421 

accctggrgraggacacgaccggcgaccccc^rrrccactccaccaccgacacgggaca 

W D H I 1 C W ? 1 G A ? 3 Z V V A V P C 

ccggactacatwtatgacttcaatcacaaaacccatccctaccoacgctgtgaccgcaat 
422 *— h. 481 

ggccrgatgtaaatactgaagttagtgtttccggracggatggctgcgacactggcgtta 

? I YDFNK X 3 A Y R R C D R N 

^gcacctgggagctgctgcctcggcacaacaccacctcggccaactacagcgagtgtgtc 
482 « 541 

tcgtccacccrcgaccacggacccgngrtctcc-zcacccggttgatgtcgctcacacag 
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(3/SO 

w s w s L v ? 5 K ?. T W A \\ t n ,g Q V - 
aaattcctcac- ^tcagactcrtcaaccggaggrcttt?accacct?ggcatcatttac 
tttsaagagtggrtactctgagcacttgccctccacaaactggcggacccgtactaaatg 
KFLTMETREREVrDRLGMlY 

accgngggctactccgtgtccctggcgrccctcaccgtagctgtigctcatcctggcctac 
602 + 661 

tggcacccgatgaggcacagggaccgcagggagtggcarcgacacgagtaggaccggatg 
TVGYSVSLASLTVAVLILAY - 

662 tttag9 ° g9Ct9CaCtgcaCgC9C ^ 

aaatccgccgacgtgacgtgcgcgttgatgtaggtgtacgtggacaaggacaggaagtac 
?rrlkctrny:hmhltisfm - 

722 Ct?C9C?CCgt?agCatCttc ~ Caaggac ^ 

gacgcgcggcactcgtagaagcacrrcctrcgacacgagatgagaccgcggrgcgaacta 
LRAVSIrVXDAVLYSGATLD 

gaggctgagccccrcaccgaggaggagcrgcccgccatcgcccaggcgcccccgccgcct 
782 — ' 841 

ccccgactcgcggagtggctcctcctcgacgcgcggtagcgggtccgcgggggcggcgga 
EAERLTEZcLRAIAQAPPPP 

gccaccgccgctgccggctacgcgggctgcagggtggctotcraccttcttcctttacttc 
342 . 1 , _ 9Q1 

cggtggccgcgacggccgargcgcccgacctcccaccgacactggaagaaggaaatigaag 

ATAAAGYAGCRVAVTF7LYF - 

902 Ct5?CCaCCaaCtactactggattcrgg ^ 

gaccggtggrtgatcatcacctaagaccacctc-ccgacarggacgtgtcggagtagaag 

atcgccr^c^tctcaoaoaaaaagtacccgzggggcr^ 

taccggaagaacagxctctrcttcatggacaccccgaagtctcagaagccgaccccagac 

MAFrSSKK¥L*3F?VF3WGL 

1022 CCC?TC3rCttC?tggCTgtgtgggtCagtgtCaga ^ 

cggcgacagaagcacccacacacccagtcacagtctcgatgggaccggttgtggcccacc 
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;: — : ii4i 

accctraactcsacgcccttgtttttcaccraccacc-ccacggg^agcaccggaggtaa 



w : l 3 : ' n :< :< w ; : c '/* ? I - a s : 

gtgczcaacttcatcctcttcatcaaratc^ccrrgrcctcgccaccaagcagcgggao 

1142 , ^ 1201 

cacgagttgaagtaggagaagtagttatagcaggcccacgagcggtggttsgtegccctc 

viHprtrtsiv?. vlatxqre - 

accaacgccggccggtgzgacacacggcagcacrcaccggaaactgcccaaatceacgctg 
1202 h : : ^ 1261 

tggctgcggccggccacactgtgcgccgccgtcszggccttsgacgagrttaggtgcgac 

? » A G H C D T ?. C : V ?> >: L L K S T L 

gtgctcatgcccctctrtggcgtccactacazzrtcrrcatggccacaccatacaccgag 
1262 1 . 1321 

cacgagtacggggagaaaccgcacgigatrtiEcagaagzaccggtgtggtatcrtggczc 
VLMPLTGVHY:v?MA?PYTE 
9tctcagggaegctctggcaagtcsagatccactatgagatgctctteaactccttccag 
cagagtccctgcgagaccgrtcaggtcrssg;=3raczcracgagaagctgagg*aggtc 
V S G T L W Q V Q M H ■ 2 M L F N S r Q - 

1*82 OTattt * tt ^ C?Caatcatatact ^ t "^ =caat,? '» c 5 a 5 , 5 tacaa 9 ct 9 a 9 atcaa 9 
cctaaaaaacagcgztagratatgacaaagacgcraccgctccatgttcgactct agtt c 
GFFVA:iYCr::;32VQAElK - 

aaatcttggagcrgczggacactggcaczrracttcsaaccaaaggcacacagcgggagc 
1442 i : ; 1S01 

tttagaacctcggcgacctgrgaccgrgzcctriacrtsgstttccgtgcgtcgcecrcg 

- s » s ?. w t l a i : r :: ?. k a a s g s 

agcacct arageracggec scat ggz err = 2 ca caaccgtgaccaatat cggcccccgt 
13C2 _ 1561 

tc--cgatatcgatsccggggtaccacagr=cr:"zcacactggcracagccgggggca 
S S Y S Y 3 ? M V S H 7 S V 7 H V G P R - 
9 t 9ggactcggccrgcccctcagcccccrcccaccrcccactgccaccaccaacggccac 
caccctgagccggacggggagccgggggcsratraccggtgacggtggtggrtgccggtg 
V GLGL?LS?511 ?7A7TMG3 
. ^2 cc ~ ia9ct 9 c= -?522 a ^ , ?ccaagccacgrac=cc3ccccr5gagaccctcgagaccaca 
ggagtcgaccgaccggracggcrcggcccctgrcrrc^ggacctctgggagctctggtgt 
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— accirccazs^'scccccaaccaccarcsgctsctcaaccgc-ss" 'crag^cocg 

•ss? - I — 1741 

rgtcgaccTraccgaccagcTttcrrcctacccaaqca^igccgaqgacgagtcr^gac 

PPAMAAPKDD'SFLSGSCSGL - 

aacgaggaogcctctgogcctcaccggccaccraccctgctacaggaagaqtgggagaca 

i742 1 * 1-^—1 +- 1801 

ctgctcctccggagacccggactcgccggcggacgggacgatgtccttcrcaccctctgt: 

D2EASG? SR?"?ALLQSEW£T 

gtcatgxgaccaagcgctaggggctggacctgctgacatagtggatggacagatggacca 

1302 + * — 1861 

cactacactggtccgcgacccccgacctggacgactgtatcaccracKgcctaccrggt 

v m 

aaaoat cggt cgt t gaat gate t cccact cagggc c t ggggccaagaggaaaaaacaggg 

13S2 — - — 1921 

t-trctacccaccaacttactiaaagggtgagrcccggaccccggrtctccttttttgtccc 
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FIG. 10 



300 
clO"' 
ZOO 



too 



2/22/9 


t COS cells transfected ulth OK'clone 


1 ~ 








i 


PTH 5xl0~ 7 H 


m 


i 


1. * 


1 * 

u 



r lne (seconds) 



WO 92/17602 



PCT/US92/02821 



20/30 

Fig. 11 
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FIG. 12 
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FIG. 14 
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FIG. 15 
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